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Diwata the supreme ruler and his beloved son Demowata lived in 
heaven. One day Demowata...asked his father for another F 
place to live in. Diwata took a piece of heaven and gave it ie 
to his son... And Diwata called this piece of heaven banwa, that ¢G 
is to say “earth.” And he created a sun to light the new home of 
Demowata. Then he divided the earth into two by making a 
circle. Inside the circle he made the land, and outside was the 
water. He filled the land with trees, plants and animals. He 
named the beautiful place Langkonoyan, that is to say a garden of ~ 
happiness... Then Diwata molded clay in the likeness of Demo- 
wata, but the heat of the sun caused it to crack. So he took the 
molded clay to the river and sprinkled it with water. And imme- 
diately the crack split the clay into two creatures which were 
exactly alike—the first human beings in the world. 
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Pagbal dig Banwa Bo Gona Gataw 
(The Creation of the World and the 
First Human Beings). As told by 
Kilino Tangkasan, a Subano Baliyan - agit 
(Medicine man) from Sinuti, Gam ; 
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PART ONE 
ARCHIPELAGIC GENESIS . 


Ka romiyonda ma ilin 
Na palao sa Songgiringa 
Ka miyarunding a barat 
A bugabong sa Dansalan 
Ka miyabangkawit i lin 
Na layagun a Bumbaran 
Ka miyagayao riganda 
I karagandang o kunug 
Na so kini dansal iyan 
Ko kadaya 0 marandang 
Na miyakapagudara 

So dagoong go so linog 
A mini awong a kunug 


So dandan o pagilidan. 


And hanged completely 
Are the hills of Songgiringa 
It is shielded now by a storm 


That roars as it dashes, 


And it has changed 


Far off Bumbaran. 


For struck now 


Nature’s forces 

And as they came, 

To this wide place 

They clashed 

The storm and the earthquake 


And the sound reverberated 


Into all the places around. 


—Bantugan Bayok. 


Translation by Abdullah Madale 
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Introduction 


THE PHILIPPINES IN 
THE REMOTE PAST 


de history of any human society comes after an unimagin- 
ably long process of evolution involving the entire universe. Be- 
fore written records of man’s social nature began to differentiate 
one tribe or race from another, all matter shared a faceless, vola- 
tile existence. From the mysterious “soup” of which the early 
universe consisted to the hard material of the planets and finally 
to varieties of life, all things were bound in a common voyage 
through thousands of millions of years across interminable space. 
The notion of history came to man only when distinct differences 
became perceivable as particular races and communities in this 
huge retinue through time and space stepped off, as it were, in 
various directions to chart individual destinies. 


Particularization itself as the immediate predecessor of every 
national history comprises a distinct process of evolution. Part 
of this process is the formation of the setting upon which a par- 
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ticular national history would be laid. On the larger canvas of 
the universe the picture that this process evokes consiata of galax- 
ies and constellations flung here and there, perhaps by a com- 
bination of accident and physical laws, through a limitless abyss. 
On the lesser scale of the planet earth, the process of particular- 
ization comprises the evolution of continents and islands, the 
homes of various groups of men themselves slowly evolving into 
distinct societies. 


The history of the Filipino people would take place on one 
such distinct setting. 


The beginnings of this history, the story of the co-existence 
of a people and an archipelago, lie far beyond the earliest songs 
and chronicles celebrating life, as racial memory recalls it, upon 
these islands. The home of the Filipino people has yielded to 
recent generations a geological record in some ways more excit- 
ing than oral traditions or artifacts, such as utensils and tools 
associated with tektites that fell some 700,000 years ago. The 
Philippine setting, the essential physical element of the State, 
formed and grew through a span of time which reached farther 
into the past. In that immense period, which reduces recollected 
human existence in the archipelago to a heartbeat, the land and 
seas, the mountains, plains and streams were formed and life 
stirred in plants and animals. 


Fortunately for modern man, it has become possible, at least 
to some extent, to “read” the record that those dark and distant 
eons left of themselves. It is a record, however, that consists 
not of the handy and convenient script of man but of the tracks 
of nature in evolution or in upheaval. By means of the stars, the 
galaxies and constellations in the sky, we are now able to begin 
to comprehend the character and composition of the universe, in- 
cluding its beginnings which would otherwise have been lost for- 
ever in the deep recesses of time and space. From their arrange- 
ments in the enormous world about us and from the chemical 
elements distributed in once puzzling patterns in those stellar 
objects, in meteorites and in rocks, we discern a story of the for- 
bidding past. 


The evolution of the earth and of the Philippine archipelago 
before man appeared on the planets is thus recorded in the soil 
and rocks; in the remains of life that have lain buried in them 
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for countless millenia; in the chemistry and distribution of the 
rocks; in the magnetic patterns of the seafloor and the intensity 
and movement of heat from the interior of the earth; and in 
the compositions of the oceans and the atmosphere. Geologic 
events and environments of the past may also be glimpsed through 
processes taking place in the present. Today’s earthquakes, the 
distribution of volcanoes, oceanic ridges and trenches, and changes 
in the composition of rocks in the earth’s interior are likewise 
part of that continuing record, phenomena which man could seek 
to explain and in so doing contribute some more to the unravelling 
of the past. 


This particular method of attempting to recapture the past 
is based on the principle known as uniformitarianism, which con- 
ceives the present as the key to the past. The principle recog- 
nizes that long after they had ceased to manifest themselves 
directly, certain natural conditions reveal themselves again by 
means of the peculiar traces they leave behind, which then be- 
come their identifying marks. For example, coral-bearing rocks 
such as limestone existing today in temperate regions far from 
the sea indicate that in the past tropical seas covered the areas 
where these ancient reefs are found. The presence in these an- 
cient reefs of traces of life-forms now extinct also permits a 
glimpse of the environments in which these early varieties of life 
thrived. The principle of uniformitarianism, introduced in 1795 
by James Hutton of England and popularized by John Playfair 
and Sir Charles Lyell during the 19th century, has been fruit- 
fully applied to studies of the Philippines and continues to this 
day to facilitate attempts by Filipino and foreign earth scientists 
to obtain more knowledge of Philippine geology. These men of 
science have thus been led to read Philippine pre-history in the 
record etched through the ages upon the rocks. 


This first part in the series that attempts to discover the 
roots of the Philippine nation is a layman’s account of the origin 
of the Philippine archipelago based on such scientific effort to 
decipher the past. Although the topics covered in this part are 
not ordinarily the concern of historians, many of the events that 
took place in the geologic past are relevant today and will quite 
likely have similar value in the future. Energy and mineral 
resources are part of the national patrimony, and government 
planners today see in them increasing importance in national 


en 
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development. These resources took form during the period 
covered here; their presence in vast quantities in the Philippines 
has been recognized by ancestral Filipinos, by Chinese chronic- 
lers, and by the colonizers who subsequently came to these islands. 
Today, many of these resources—chiefly oil, coal and geothermal 
energy—are being drawn from the earth to keep Philippine 
progress in motion. The well-being of the nation depends to a 
large extent on the development of these primeval indigenous 
resources. 


The archipelagic character of the Philippines has been an 
essential element in the cultural growth of the nation. The mul- 
titude of islands comprising our environment possess character- 
isties which they share with the settings for a few other national 
communities in our neighborhood, like Indonesia and New Guinea. 
In such tropical island-séa environment evolves a culture quite 
unlike that which thrives in continental and land-locked nations. 
In the archipelagic environment men must live with an endless 
coastline and bear up with a nightmare that this geographic fea- 
ture creates, a constant, nationwide exposure to pirates, smugglers 
and aggressors. This extreme peril is compensated, however, by 
the breathtaking scenery offered by a coastline that rings the 
entire land, and by the easy growth of external trade. 


The tropical environment which the Philippines enjoys has 
furthermore supported diversity, abundance and heterogeneity. 
Thus, in the tropical archipelagoes of the Western Pacific, there 
have evolved over the centuries a wide variety of life forms. 
While thus nourished in the common amniotic sac of the tropics, 
social groups nevertheless for long periods grew independently 
of others. Locked in their own corners of the archipelago by 
dense forests, mountains and seaways, they developed diverse 
cultures and languages. 


The islands strewn around our part of the Pacific also pos- 
sess other features in common, such as volcanoes and earthquakes, 
so that in the Philippines as in the others periodic manifestations 
of intense voleanic activity are part of the environment in which - 
men, in the past and in the future, must live. Thus, church 
builders in the Philippines during the Spanish period learned to 
adapt their construction methods and materials to this charac- 
teristic of our environment. Today, designs for dams and power 
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plants are drawn likewise with particular attention to the threat 
of frequent or intense earthquakes. 


Though thus regarded as a potential source of catastrophe, 
voleanoes are also associated with beauty and mystery. Numer- 
ous legends about Philippine voleanoes reflect their majestic or 
preternatural qualities. Some of these volcanoes, notably Maki- 
ling and Arayat, are for instance celebrated in legend as the 
abodes of gods and goddesses. A volcano in Mindanao, Mount 
Apo, which is also the highest mountain in the Philippines, has 
with its sulphurous emanations and occasional eruptions inspired 
a charming mythology among the Bagobos, who have lived in 
its neighborhood since ancient times. To this day, these tribes 
regard the volcano in fear and awe as the dwelling place of de- 
mons whom they call buso. Mayon Volcano, whose periodic erup- 
tions have caused great destruction in Albay, has on the other 
hand fetched praise from worshipful brochure writers as “the 
world’s most perfect cone.” 


In addition to witnessing these and other aspects of Philip- 
pine geology and geography, this attempt to revisit the distant 
past will also strive to provide some understanding of how the 
Philippine environment evolved. This environment, with its pe- 
rils and bounties, acquired its present attributes over a period 
covering hundreds of millions of years. The complex landforms 
and the archipelagic environment that produced and supported 
varied species of life are the result of geologic events which took 
place through such awesome span of time. Although the Phil- 
ippine archipelago shares common features with neighboring land 
areas, it also has unique characteristics derived from the peculiar 
location of the Philippines at the western edge of the Pacific and 
the Australian landmass. 


Among the diverse ecological communities that developed in 
this section of the planet there evolved plants and animals unique 
to the Philippines. Industrialization and modernization have be- 
gun to disturb the ecological conditions in which these Philippine 
wildlife thrived, endangering plants and animals peculiar to our 
environment. In this attempt to reconstruct the past from geo- 
logical records, it will be possible to see which plants and animals 
lived in the environment of the early Filipinos. .We will also 
glimpse changes in Philippine life as they took place during the 
prehistoric times. This opportunity to see the past in the process of 
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evolution is important, for an appreciation of how the past con. 
tributed to the present would give man now and in the future 
some of the competence and the respect for nature that he needs 
to endow himself with habitable surroundings. 


To organize this record of the origins of the Philippine arch- 
ipelago as part of Tadhana’s first volume, “The Foundations of 
Filipino Culture,” information was drawn from published and 
unpublished material. Of the new information, much was obtained 
from facts and conclusions yielded by the intensive oil exploration 
effort that has been undertaken in the Philippines since 1973. 
I have also benefited from preliminary drafts of a report, “Geo- 
logy of the Philippines,” being prepared by the Philippine Bureau 
of Mines and Geosciences. Explorations for energy and mineral 
resources have uncovered new grounds in Philippine geology. 
It must be stated at once, however, that there are until now many 
gaps in our knowledge of Philippine geology, so much so that some 
concepts concerning the origin of the archipelago are themselves 
still evolving. With the vast amount of information that has 
become available in the last few decades, however, the general 
framework of our knowledge of geology is now firmer than it was 
in the past. 


The study of Philippine geology drew livelier interest during 
the period of American colonization, but it had commenced and 
even achieved a respectable place long before this period of Philip- 
pine history. A dissertation for a Ph.D. degree submitted by 
I-chi Hsu to Washington University in 1971 therefore undermines 
the truth about geological studies of the Philippines, creating the 
wrong impression by declaring that “in the last year of the 19th 
century, Becker (1899) published the first paper on the geology 
of the Philippines.” To correct this inaccuracy, which leads one 
to believe that earth sciences in the Philippines began only during 
the American occupation, it is now necessary to review the deve- 
lopment of earth sciences in the Philippines before the 20th 


century. ' 


As their myths and legends clearly indicate, even ar Filipi- 
nos took profound interest in cosmogony, in the origin of the earth 
and sky, the sun, moon and stars, the beginnings of jand and 
sea, of mountains and lakes. Anthropomorphic elements are com- 
mon in these narratives recounting, with the uncanny intuition 
of ancient man, how matter and life began in the Philippine 
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environment. The Nabaloi people of Benguet, for instance, con- 
fidently explain the origin of the sulfur springs in Daklan and 
the gold mines in Benguet. Their legend about the latter, in par- 
ticular, exhibits a charming primitive wisdom. In the legend, 
an old patriarch, Otot, was buried on a cliff by his son, Bangan. 
On the grave a plant of golden color grew rapidly; on the tenth day 
fruits ripened on its branches, and Bangan, who alone could pick 
them, found each one to consist of gold. The roots of the tree 
became the gold in Suyok; the base of the trunk, the gold in 
Tabio; the top of the trunk, the gold in Antamok. 


From the legend one may glean that the ancient Filipinos 
were aware of the veinlike pattern of gold in the ground and that 
they had marked in their own time the mining districts in Ben- 
guet. The antiquity of mining is also reflected in place names such 
as Gambang, a name for copper in Benguet; Balatoc, the word 
for gold in the dialects of northern Luzon; Mambulao, from bulao, 
the Bicol word for gold; Paracale, referring to excavators of the 
trenches used in placer mining; Batobalani, a Filipino word for 
magnetic iron ore; and Uling, coal. Place names referring to 
voleanic activity, such as mainit (hot), magaso (smoking), cava 
(cauldron) also indicate early Filipino awareness of volcanism. 


Observations on earthquakes and the development of mineral 
resources in the Philippines are coeval with the development of 
geology in the West. In 1669, Nicolaus Steno, a Danish physician 
in the court of the Duke of Florence, published De solido intra 
solidum naturaliter contento dissertationis prodromus. In this 
book, Steno demonstrated that tonguestones, objects with roughly 
triangular shape found in the cliffs of Malta, were similar to 
sharks’ teeth. These stones, along with sea shells and other re- 
mains of marine life discovered in rocks hundreds of meters high 
and away from the sea, indicated that in the past these rocks 
lay in sea water. 


The studies of Steno on layers of rocks in Tuscany ied to 
the formulation of three basic laws of geology, namely, super- 
position, original horizontality and lateral continuity. These laws 
concern rocks formed from the consolidation of particles deposited 
in basins, such as lakes and seas. Within the basin, the rocks 
stand layer by layer, the layers in the bottom having been deposit- 
ed first and those on the top coming last. Hence the law of 
superposition. 
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The layers are originally deposited in a horizontal position; 
tilted layers therefore indicate that at some point earth move- 
ments disturbed the original horizontality. Within the basin, the 
layers normally have lateral continuity, so that if layers today are 
abruptly truncated, the discontinuity is ascribed to erosion or 
to displacement of the layers by structures known as faults. These 
are fractures in rocks caused by a violent or powerful movement. 


The three fundamental laws resuiting from Steno’s studies 
marked the beginning of systematic reconstruction of past geolo- 
gic events. During the decades prior to the formulation of these 
laws, earthquakes and volcanic eruptions in the Philippines were 
described by Spanish observers. Three volcanic eruptions in 1641 
are recorded in a report of the Society of Jesus published by 
Raymundo Magisa. Four years later, more earthquakes occurred. 
in the Philippines, descriptions of which were published in 1649 
by Alonso de Paredes. 


Mineral and geothermal resources are likewise of public 
knowledge even in this early period of Philippine history. Officiai _ 
correspondence in 1648 report the abundance of gold in Camarines 
Norte. By 1671, Laguna was already famous for its hot springs 
and in 1727, the area where these proliferated was named Los 
Bafios. after the roman baths constructed there. 


At the turn of the century, the organic origin of fossils 
established by Steno became widely accepted. Fossils from the 
Philippines, along with minerals and bivalves, are discussed in a 
work of George Joseph Came! published in 1706. In the middle 
part of the 18th century, more volcanic eruptions and earthquakes 
visited the Philippines. Father Melchor de San Antonio gives an 
account of the 1743 earthquakes in Tayabas (now Quezon) and 
Laguna. The eruptions of Taai Voleano in 1749 and 1754 are 
reported in detail by Fr. Francisco Buencuchillo. The Boletin 
Oficial of 1756 reports the eruption of 1754 and the earthquakes — 
of the same year. The 1766 eruption of Mayon is reported by 
the governor of Albay in 1767. Towards the later part of the 
18th century, in 1781, an expedition of the Royal Academy of 
France measures gravity. Also in this year a license to exploit 
the iron deposit in Santa Ines, Morong (now Rizal) is granted by 
the Spanish crown to Dofia Isabel Carreaga. 


An increasing number of papers on earth phenomena, geology 
and mineral resources, rocks and fossils of the Philippines ap- 
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pears in the 19th century, many of them reflecting the popular 
concern over earthquakes and volcanism. In 1814, Yidefonso de 
Aragon reports on Mayon Volcano, whose eruption that year 
buried many areas, such as Budiao where coconut trees were 
engulfed by lava up to their crowns, and Cagsawa where only the 
church steeple is visible today. Twelve thousand people perished 
in this eruption. Other eruptions of Mayon, in 1894 and 1897, are 
reported by Miguel Saderra Maso and Jose Corona, S.J., respect- 
ively. 


In 1856, eruptions gave birth to the volcanic island of Didicas. 
N. Wood reports in Nature the birth of the new volcano in 1871. 
Earlier, in 1843, Alfred de la Marche had written two relevant 
papers, one on the hot springs of Los Bafios and Taal Volcano 
and another on Taai Volcano. In 1861 and 1862 Francisco An- 
tonio Llanos, S. J., wrote on the geology of Mount Arayat in 
Pampanga. The same Jesuit scholar recovered a meteorite in 
Pampanga and described the object in 1862. Six years later, Gab- 
riel Auguste Daubree would show that the meteorite found by 
Lianos was a chondrite, a meteorite containing spherical shapes 
called chondrules. 


Chemical analysis of the products of voleanism has been 
consistently undertaken. In 1814, Francisco Peralta analyzed 
volcanic ash in Albay. In 1876, an analysis of the thermai water 
of Taal and Los Bafios was reported by Don Jose Centeno y Gar- 
cia. In the report, the water composition of Los Bafios appears 
as follows: 


Calcium chloride 60 grains 
Magnesium chloride 2% grains 
Sodium chloride 26 ~=—s grains 
Sodium sulfate 4% grains 
Iron oxide Y% grain 
Insolubles (silica) 8 grains 


Measurements of water temperature show a temperature of 84°C. 
In Taal, the water of the interior lake is reported to have the 
following composition: 


Sulfuric acid 2.98 weight % 
Hydrochloric acid 3.16 weight % 
Iron oxide 1.0 ? 


Silica Lohr. 
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Magnesia rapt 7 

Lime k * be 

Soda 108 : 5% ) 

Water 90.52 +d 4, * | 
Centeno y Garcia also records the Tiwi hot springs as having a oo  — 
temperature of 108° C. a s | 


One of the scientists who wrote on Philippine volcanoes : 
earthquakes, Ferdinand Blumentritt, the friend of Dr. Jose 
wrote a series of papers on these topics from 1880 to 1886. 
monograph on earthquakes and volcanoes of the Philippines y 
published by Alexis Perrey in 1860. Other writers who obser 
Philippine earthquakes are G. de Berard and 8S. ‘Xneslendll 
of whom wrote on the 1852 earthquake in Manila; Enrique A Ak 
y Casariego, who described the earthquakes in ited, wh n 
and Father Miguel Saderra Maso, S. J., already cited, who wrote 
a monograph on the seismology of the Philippines in 1 


In addition to the interest in earthquakes and volcanoes, thers 
has also been an extensive search for mineral wea th. 
gold and copper production in the Philippines was aug 
the discovery of the deposits in Mankayan, Benguet i in 
teno y Garcia in an 1876 report speaks of 24,249 q uil 
per produced in Mankayan between 1864 and 1874. 
(1869) analyzes a copper-bearing mineral from 
Albin Weisbach (1876) introduces the name | 

neral, after the island of Luzon. 


Besides copper, gold and iron, other m 
in the Philippines during the 19th century. — 
reports the presence of mercury in Dumarao, C 
1848 the Inspector of Mines records the presence 
mony and sulfur in Casiguran, Albay. Coal in th 
sula is reported in 1842. Antonio Hernandez, in 
about coal in Cebu and elsewhere in the nee 
Garcia, thirteen years later, also writes on the s: 


The first monograph on the geology and an ‘esourc 
of the Philippines written by a mining engineer was pub qd 
one hundred thirty-nine years ago. Though noteworthy as a 
pioneering effort, this work contained only a brief description — 
of the country’s resources. Thirty-six years later, a more eee 


Ferdinand E.. Marcos / 11 


sive memoir was published by Centeno y Garcia. This memoir 
covers the physiography, volcanoes, hot springs and the geology 
of selected localities, such as Lepanto in Mankayan; Pangasinan; 
Pampanga; the coal-fields of Cebu; and the Bicol peninsula. Cen- 
teno y Garcia also reports on his observations and studies of par- 
ticular mineral resources: copper, gold, iron, coal, mercury, lead, 
antimony and sulfur. 


Papers dwelling on specific metals were written by other 
scholars during the last century. Jose del Barco in 1850 reported 
on iron deposits in Bulacan; Jagor, in 1862, wrote on copper in 
the Philippines. Marquez de Caicedo published in 1880 a mono- 
graph on gold deposits in the Philippines. The American colon- 
ists merely carried on the intense work thus devoted by earlier 
scholars to Philippine geology and physiography, work which, 
including a memorandum published in 1898, antedated the 1899 
paper on thé geology of the Philippines mentioned in the disser- 
tation of Hsu. 


Besides the work of Centeno y Garcia, other interesting pub- 
lications on Philippine geology appeared more than one hundred 
years ago, such as the account of the travels of Feodor Jagor 
which was published in 1873. Five years later, Dr. Richard von 
Drasche published his description of the geology of Luzon, which 
discusses the area surrounding Manila Bay, Pampanga, Arayat, 
Zambales, the Central Cordillera, Benguet, Bontoc, Laguna de 
Bay, Taal, Tayabas, Camarines Norte, Camarines Sur and Al- 
bay. Analysis of a tuff (a voleanic rock) in San Mateo, Laguna 
(now Rizal) is given by von Drasche: 


Silica 51.69 weight % 
Alumina 20.11 weight 
Iron oxide 9.36 i 
Lime 6.26 4 
Magnesia 4,85 . 
Potash 1.21 d 
Soda 1.97 
Loss on Ignition 7.07 ce 


Also present in this work are six photographs, taken through 
a microscope, of rocks found in the Philippines. In several local- 
ities such as Abra and Paracale, von Drasche observes metamor- 
phic rocks such as gneisses and tale schist. These are products 
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of the reconstitution of the texture and mineral composition of tml 
pre-existing rock due to the action of temperature and P . 


made by K. Oebbeke in 1881. Five years later, A. R. =! 
published a paper on the rocks of Cebu. At about the same t 
that the Centeno y Garcia and von Drasche works appe: 
ust Frenzel wrote from 1877 to 1879 on mine — - th 
pines. 

Several works on fossils, which are traces | f 0 
rocks, were also published in the 19th century. An 
of foraminifera, a group of one-celled marine 
undertaken by Felix Karrer, whose study i ind ca’ 
the rocks in Luzon were formed in the early ; 
epoch, a span of geologic time oe Pl: lace 
million years ago. 


In the decade preceding Karre: 
minifera, the famous geologist Paton 
wrote in 1862 on nummulite-bearing 1 ocks i 
mulites are also foraminifera. Abella - 
ported the occurrence of nummulites ir in | 
Fr. Llanos, who described Mt. Arayat, 
in Central Luzon, noting the many 8 I 
localities in Tarlac and Camiling. $ 
naturalist include Berenices, Tro 
Balanus, Physa, Cerythium and ( 


Around the end of the 19th c ventury | 
Martin, the eminent scientist who 1 worke 
nesia, contributed to the study of P 
wrote: ¢ 


“To the age determinstloaai of ‘Phili 
is proper to add that their state Pe reser 
bles that of the Javanese fossils to a very 
extent—to such a degree, indeed, tha 
from the two regions might easily be cor 
same statement is true of the tuffs anal is in 1 
they were embedded, and this accords with the fe 

the younger massive rocks of the chee chow! 
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extraordinary likeness to those of the East Indian 
Archipelago.” 


In a report in 1890, Edmund Naumann describes a pygmy 
elephant fossil from Mindanao which of course he named Stego- 
don mindanensis. Later studies show that this elephant, now 
extinct, was contemporary with prehistoric man in the Philip- 
pines. 


The first efforts at oil exploration appeared toward the 
end of the 19th century. In 1890 Abella y Casariego described 
rocks in Panay which yielded small amounts of petroleum. In 
1896, the first recorded oil drilling in the Philippines was con- 
ducted on the estate of Smith, Bell and Company near Toledo, 
Cebu, where two wells were drilled. One well recovered size- 
able quantities of oil after reaching a depth of 244 meters. A 
small amount of oil was produced from the other well which was 
drilled to 842 meters. The Philippine Revolution interrupted 
development of these oil wells. Since then, oil exploration in the 
Philippines had been unsuccessful, until the discovery in 1976 of 
the Nido field in the offshore area of Northwest Palawan, from 
which oil is now being produced in good quantity. Two other 
oil fields were discovered close to the Nido in 1977 and 1978. 
The data-gathering and exploration supported by government 
policies since 1972 have begun to bring benefits to the nation. 


During the last century of Spanish rule in the Philippines, 
the data base which supports our present knowledge of Philip- 
pine geology was gradually developed. Mineral resources were 
identified and an interest in oil exploration started to grow. 
Earthquakes and volcanic activity were recorded. A number of 
scientists studied the rocks, minerals, fossils and thermal waters 
of the Philippines. Understanding of geologic processes expanded 
and deepened, but it was not until the 20th century that many 
problems in the earth sciences began to be solved and earth phe- 
nomena were interrelated by a unified theory. To the progress 
in the earth sciences in this century have contributed improve- 
ments in techniques of scientific observation, as have experiments 
on how rocks and minerals are formed, advances in the applica- 
tion of physics to the earth sciences, and technical developments 
in fields of science related to geology. 
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An unreeling of the picture that all these comprise is grati- 
fying. At the turn of the century, radioactivity is discovered. 
Outside the laboratory this process takes place even more in- 
tensely in nature, in minerals containing unstable atoms, so that 
these break down spontaneously. The splitting of the atom, 
known as fission, produces new substances and results in radia- 
tion, including the emission of x-rays. Soon after the discovery 
of radioactivity, Baron Evarist Rutherford suggests, in 1905, 
that the amount of products of radioactivity may be used to 
determine the age of minerals and rocks. From 1908 to 1910, 
Baron John Rayleigh develops a method of measuring such age, 
following Rutherford’s suggestion. Helium, a product of the 
breakdown of uranium and thorium, is used by Rayleigh. Other 
techniques are afterwards developed to determine the age of rocks, 
with potassium-argon (K-Ar) or rubidium-strontium (Rb-Sr) 
commonly used as medium. With the radioactive method of 
dating, geologic events could now be assigned precise time values. 
Before this, only relative ages of rocks could be stated, using 
Steno’s laws and techniques of correlation. 


The application of physics to the earth sciences also allows 
a better understanding of the structure of the earth’s interior. 
Analyses of earthquake waves and gravity demonstrate the 
layered character of the earth, as shown in a diagram among 
the plates. In the center of the earth is a core consisting mainly 
of iron and nickel. The outer shell of the iron-nickel core is 
molten and is considered the source of the earth’s magnetic field. 
The presence of this magnetic field is a feature of our planet 
which has permitted higher life forms to develop because it pre- 
vents much harmful solar radiation from reaching the earth. 


Also surrounding the core is a thick shell predominantly of 
iron and magnesium silicates and known as the mantle. The 
mantle consists of two parts, the upper and the lower mantle. 
Some portions of the upper mantle may contain small amounts 
of molten silicate occupying interstices in the mass of solid cili- 
cates. This characteristic and the temperatures in the interior 
keep the mantle from being too rigid, so that it could undergo 
plastic deformation when subjected to sufficient stresses over a 
long period. Asphalt could provide an analogy to the behavior 
of the mantle. It appears solid and may even be brittle when 
subjected to short-term stresses, such as a hammer blow. How- 
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ever, asphalt can also flow, though in viscous form. This region 
of the earth which can be subjected to plastic deformation is also 
currently known as the aesthenosphere. 


The uppermost portion of the earth is the crust. Its thick- 
ness varies from about four kilometers under the oceans to as 
much as 60 kilometers under continents. There is a considerable 
amount of evidence to show that the composition of the crust 
under continental areas is different from oceanic crust. The 
crust is colder than the underlying mantle and hence is more 
rigid. The crust, together with the upper portion of the mantle 
which is cold enough to remain rigid, is currently known as the 
lithosphere. 


During the decade of the 1960’s a revolution in geological 
thinking took place. A vast body of phenomena, such as distri- 
butions of earthquakes, magnetic patterns on the seafloor, mor- 
phology or the shape and form of the seafloor, heat flow in 
oceanic ridges, and many others, could be interrelated and ex- 
plained by what is now called plate tectonics. Under this theory, 
the earth’s surface, specifically the lithosphere, consists of seve- 
ral portions known as plates. Plates may and do separate, and 
the separation, when it happens, takes place along oceanic ridges. 
In these places, new plate material is formed from the mantle. 
There are also places where plates may converge and these are 
marked by trenches and earthquake activity. While the earth 
is pictured as dynamic, its seafloor moves at an exceedingly 
slow pace of one to 10 centimeters a year. 


Plate tectonics can therefore explain the concept of continen- 
tal drift proposed by Alfred Lothar Wegener in 1911. Wegener 
and others inferred from varied evidence that in the past Africa, 
South America, Australia and India were joined together in a 
supercontinent called Gondwana. This supercontinent broke up 
and its parts gradually drifted apart until, as continents them- 
selves, these reached their present positions. India collided with 
Asia and the convergence of the two continents produced the 
Himalayas. Before the development of plate tectonics, there were 
difficulties in explaining the mechanism of continental drift. 
Now it is easy to see that the continents are but a part of the 
lithospheric plates which move away from oceanic ridges. A con- 
tinent is rafted along, as it were, until it converges with another 
plate. 
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The Philippines is a fertile ground for research on plate tec- 
tonics since, as already pointed out, it is close to the boundary of 
the Asian, Australian and Philippine Sea plates. We will see 
that the Philippines has undergone a complex history through 
geologic time. 


Today, many Filipino scientists are capable of undertaking 
serious studies on Philippine geology. During the period of 
American colonialism and after, vast amounts of geologic data 
were gathered by Filipino and foreign earth scientists. Before 
1945, most publications on the subject appeared in the Philippine 
Journal of Science or in government publications. In 1945, the 
Geological Society of the Philippines was organized; the quarterly 
journal of this society has since been a major outlet for papers 
on Philippine geology. Numerous contributions to Philippine 
geology are also published by the Bureau of Mines and Geo- 
sciences. In 1963, this bureau printed a 1:1,000,000 Geologic Map 
of the Philippines. An updated version is in preparation and the 
accompanying text could provide interested readers of this book 
technical details not dealt with here. 


In 1964, the first volume of the serial “Geology and Paleon- 
tology of Southeast Asia” was printed by the University of Tokyo 
Press. Papers on Philippine geology appear in this serial. 


Manpower training for the earth sciences is undertaken by 
several schools, with the University of the Philippines Depart- 
ment of Geology and Geography leading in advanced studies. 
Data on exploration for oil, gas, coal, uranium and geothermal 
energy are systematically compiled in the Bureau of Energy 
Development of the Ministry of Energy. 


This part in the Tadhana series on Philippine history 
benefited from the assistance of earth scientists in the University 
of the Philippines, the Philippine Bureau of Mines and Geo- 
sciences under the Ministry of Natural Resources, and the Bu- 
reau of Energy Development under the Ministry of Energy. 
These scientists have read Philippine prehistory in the record of 
rocks and fossils. In this rock-and-fossil history many pages are 
missing or are not yet discovered. This layman’s account will 
try to trace how the Philippines came into being and how the 
stage was set for the coming of man to the Philippines. 
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To provide a frame of reference for the subsequent chap- 
ters and to offer some degree of orientation to those not too fami- 
liar with Philippine geography, an overview of the geography and 
physiography of the Philippines will be presented along with the 
present geologic features of the Philippines. With this frame- 
work established, a travel through time across well-defined epi- 
sodes of Philippine geologic history will be made. 


The earliest period will cover events up to 135 million years 
ago. The oldest rocks and fossils of the Philippines dated by 
modern methods are found in this period. There are indications 
that the oldest rocks were formed in an environment different 
from the archipelagic nature of the country; the environment 
may even be continental. The next period extends up to about 
25 million years ago. In this time, the early archipelagic begin- 
nings may be recognized although the distribution of land and 
sea is different from today’s configuration. This is followed by 
& period extending up to about two million years ago. Rocks in 
the early part of this time span are the reservoirs for oil in Pala- 
wan. Numerous copper and gold deposits as well as coal were 
formed in this period of geologic time. 


This first part of Tadhana’s prehistory closes with a descrip- 
tion of the environment and setting during the Pleistocene epoch 
which started about two million years ago. This is a period of fluc- 
tuating sea level as a result of the advance and retreat of gla- 
ciers. During periods of low sea level, ridges extending from the 
Philippines to neighboring lands act as bridges on which plants, 
animals and man move or are transported to and from the Phil- 
ippine archipelago. Rocks of this period contain evidence that 
man already inhabited the Philippines then. 


That man, prehistoric man in the Philippines, will be the 
subject matter of the second part of this volume. 


Chapter One 


GEOLOGY AND PHYSIOGRAPHY: 
THE PHILIPPINE PROFILE 


oe craftsmanship has created for the home of the Fili- 
pino people characteristics of substance and appearance that to- 
gether give it its identity. A tropical archipelago, the Philip- 
pines lies on the paths of five air streams, which accounts for its 
frequent typhoons and its dry humid months but nevertheless 
allows it an equable climate. An analytical tour of the land and 
the surrounding seas reveals a picture of diversity, magnificence 
and surprises—a profusion of classes of flora and fauna in their 
peculiar sanctuaries, from beaches on a shoreline longer than that 
of the United States, to troughs, ridges and reefs in amazing pat- 
terns under the sea, to features generated inland across the ages. 
In the country’s topographic profile are three major islands, 14 
imposing mountain ranges with a number of cool green peaks, 
nine principal valleys and plains, 12 main rivers, a number of 
fabled volcanoes, and Southeast Asia’s largest inland lake. These 
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formations on land and sea follow three predominant trends, or 
are formed in three principal directions. A series of erosions, 
deformations and new generations of land and sea features pro- 
duced other peculiar elements sculpted upon the rocks and basins 
of the archipelago to complete the Philippine profile. 


a) N the western rim of the Pacific Ocean, between the largest 
body of water in our planet, and Asia, the largest continental 
mass on Earth, is a cluster of 7,107 islands arranged as if by a 
deft hand like an inverted, half-open fan. This has been the 
home of Filipinos since Pleistocene time, more than 750,000 years 
ago. 


These tropical islands, adorned by palm-fringed sandy shores, - 


coral reefs and mangrove forests, have an aggregate area of 30 
million hectares. The islands, whose territorial limits extend 
from 4°30’ to 21°25’ N and 116° to 127° E, are bounded on- the 
west by the South China Sea which separates the Philippines 
from the southeast part of the Asian mainland. The portion of 
the Pacific adjacent to the eastern coast is known as the Philip- 
pine Sea. Taiwan, in the north, is separated from the Philip- 
pines by the narrow and deep Besshi channel. The Celebes Sea 
forms the southern border of the fan-shaped archipelago. Near 
the Celebes Sea, between the islands of Palawan and the Sulu 
chain, is an internal sea, the Sulu Sea. Just east of the island 
of Mindanao, the sea bottom plunges to depths averaging 10,500 
meters below sea level. This trench, extending from 4° to 15° N 
and known as the Philippine Deep, has its deepest point at 11,800 
meters below sea level, one of the deepest in the world. , 


The majority (7062) of the islands are small, having areas 


less than 100 square kilometers; these comprise only two per cent 
of the land area of the Philippines. Their irregular coastline — 


has a combined length estimated at 17,500 kilometers, about twice 
as long as that of the United States. Only 11 islands have areas 


more than 2,500 square kilometers, and eight of these are found 


in the middle portion of the country, the Visayas. The two larg- 
est islands, Luzon in the north with 105,708 square kilometers 


and Mindanao in the south with 95,600 square kilometers, con- 


stitute 67.1 per cent or more than two-thirds of the land area 
of the archipelago. The other major islands, in their order of 
decreasing size, are Samar, Negros, Palawan, Panay, Mindoro, 
Leyte, Cebu and Bohol. 


7 ——_ — 


Ferdinand EB, Marcoa / 21 


A warm, tropical climate with a mean annual temperature 
of 27° C prevails in the lowland areas of the islands. From 
north to south, there are no significant temperature variations in 
these areas. In Laoag, in the northwestern tip of Luzon, the 
average temperature of the area’s coldest month, January, at 24.8 
C is only 3.8° C lower than the average temperature of May, the 
warmest month. Jolo, in the south, has an average temperature 
in February, the coldest month, of 26.0° C, only slightly below 
the average of 27.9° C for August, the warmest month there. At 
the higher elevations of the highlands, lower temperatures pre- 
vail. Baguio City, at an elevation of 1,154 meters, has a mean 
temperature of 16.9° C in January and 19.9° C in May. Occasional- 
ly, temperature drops to 10° C during the coldest months. At still 
higher elevations, as in the Mountain Trail in Bontoc, wind and 
low temperatures combine to form frost at elevations above 2,250 
meters during cold nights in January and February. 


Inasmuch as the Philippines is surrounded by large bodies 
of water, its relative humidity is high, from an average of 71 
per cent in March to 85 per cent in September. Abundant rain- 
fall in most areas keeps the greenery lush and the soil fertile. 
There are, however, significant variations in the rainfall patterns, 
as shown in the climate map shown among the plates. The low- 
est total annual rainfall recorded is 875 millimeters, in Aggune- 
tan (Gattaran) in Cagayan. The highest annual rainfall, 5375 
millimeters, was recorded in Baras, Catanduanes. Of 459 sta- 
tions, 162 measured an average total of at least 250 mm. 


It may be noted from the rainfall map that the western 
areas of the country have a pronounced dry and rainy season, 
with 90 per cent of the annual rainfall occurring during a five- 
to six-month season. The eastern parts, on the other hand, do 
not have a dry season. In the central portions, there are months, 
generally November to April, when the monthly rainfall is less 
than 60 millimeters. 


The seasonal pattern of climate in the Philippines is affect- 
ed by five air streams—the Southwest Monsoon, the Northeast 
Monsoon, the North Pacific Trades, the Middle Latitude Wester- 
lies, and the South Pacific Trades. The first two, the most 
important air flows, have been bestowed Filipino names: amihan 
for the Northeast wind, and habagat for the Southwest wind. 
Both air streams arise from the heating of the Asian continent 
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during spring and summer and its cooling during winter, Heat- 
ing of the air over Asia creates a strong and deep low-pressure 
area which sucks the colder air from the southern hemisphere. bs | 
The resulting northward flow of air is deflected in a northeasterly ’ | 
direction owing to the rotation of the earth. In the vicinity of == = ~~ 
the Philippines, this air flow, the Southwest Monsoon, originates 7 
Ars 


from the Indian Ocean. It is a warm humid air that usually 
reaches the Philippines in early May, building up here to a peak ~ 
force in August and diminishing in October. In that interval, — 
the western parts of the Philippines undergo the rainy season. 


The pattern of flow is reversed during winter when the 
Asian continent cools, thus forming a high-pressure area known” 
as the Siberian High. The Northeast Monsoon is a continental 
polar air mass with low moisture content and a temperature ol 
about -20° C when it leaves Northeast Siberia. The : 
picks up moisture during its passage over the Pacific. — 
moisture is dropped as the air is forced up by the eastern coasta 
mountain ranges of Luzon and Mindanao, hence the heavy 1 rai 
fall in the eastern parts of the Philippines. December - to Mat 
is the season of the Northeast Monsoon. A he 


=e 

The Philippines is also affected, from a 

the meeting of air streams from the northern 
hemispheres. This area of confluence is niall 
pical Convergence Zone; when broken up by mor $00 
the convergence produces low-pressure areas that 
into tropical revolving storms known as typhoons. Th 
originate mostly in a general area extending from 
and Marshall Islands, the Marianas to Taiwan. 
move in a west-northwest direction toward the Phii 
the Eastern Visayas, Eastern Luzon and Northe n 1 
ly bearing the brunt of the furious rain and | 
easily exceed a velocity of 100 kilometers per te 
typhoons may occur any time during the year, t 
typhoon season usually lasts from June to December, 
greatest frequency in August. The heavy rains and s 
cause great damage to property, agriculture, publics 
industry. Many lives are endangered by accompanyir 
In May, 1976, typhoon Didang brought such heavy at, 
in the Manila area, 450 millimeters of rainfall were recorded 
over a 24-hour period. More recently, typhoon Dading caused 
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The Philippines: an Oriental Eden 


_.. where lofty and rugged mountain ranges sheltering fertile valleys, plateaus, lakes and volcanoes, 
swamps, beaches and reefs abound. 


The perfectly symmetrical Mayon Volcano and the Chocolate Hills of Bohol are some unique features 


of the Philippine topography. 
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The Monsoons of Tropical Asia — January (left) and July (above). Alternating patterns of weather 
system result from the cooling of Asia during winter and its warming in summer. 
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The cliffs of Nido in Palawan (above) illustrate the influence of topography on vegetation. A 
dipterocarp forest clings tenaciously on a limestone promontory. The two-winged apitong or 
Dipterocarpus grandiflorus (opposite page, below left) shows the origin of the narre of the dipterocarp 
family. 


At higher elevations in Luzon and Mindanao, pine forests (top of the opposite page) replace vegetation 
of the lowlands. In Norhtern Luzon, Pinus insularis (opposite page, _below right) predominates jn 


the upland forests. 


A sheltered waterfall (overleaf) forms a niche for the lush vegetation of the archipelago. 


Apitong Dipterocarpus grandiflorus 
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flash floods in Central Luzon, claimed many lives and destroyed 
homes, crops and livestock. 


The climate clearly calls attention to the transcendence of 
environmental preservation over national boundaries. The coo] 
Christmas air may have begun its journey thousands of kilo- 
meters away, traveling over several countries and a vast expanse 
of sea. The summer rain that imparts a freshness to dry and 
dull nights, irrigates fields, and replenishes watersheds is borne 
by winds from the Indian Ocean. The atmosphere to which they 
rise from seas that gird the globe are without doubt the common 
lifeblood of humanity, and conversely, environmental deteriora- 
tion that begins at one point could spread ruin across any num- 
ber of national borders. Fortunately, increasing awareness con- 
cerning the problems of the environment, aided by scientifie and 
technological advances, contributes to the maintenance of a healthy 
environment. In this environment life evolved, and as we shall 
see in the next chapter, it is the product of several billions of 
years of growth and change. Man’s increasing consciousness 
that even this edgeless and inconceivably rich creation is not 
indestructible is probabiy the only source of hope that it will 
remain, to sustain life for endless eons. 


The warm, equable climate of the archipelago, its abundant 
rainfall and its rich soil produced an environment which nourished 
varied and abundant plant and animal life. A later chapter will 
review evidence that a favorable climate existed even during 
times when Asia and Europe were covered by thick sheets of 
ice. The earliest Filipinos therefore enjoyed the bounty of nature 
in this assemblage of large and small islands, a tropical Eden 
whose varied topography has provided a home to numerous forms 
of life. Around many islands, the brutal force of waves is 
mitigated by magnificent reefs whose premises teem with rain- 
bow-colored fish, shells and corals. The record that may be read 
in rocks shows that similar reefs existed in the past, and may 
have been sources of food for early man in the Philippines. 
Today, oil companies deploy modern instruments among buried 
reefs in search of the valuable resource formed by the remains 
of marine life that flourished in the past. 


Ribbons of sandy beaches adorn the coast. The shore typical- 
ly supports vegetation consisting of Pandanus (screw pines), 
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Casuarina equisetifolia (agoho), Calophyllum inophyllum (palo- 

maria), Ficus balete (balete), Cycas rumphii (pitogo), Termina- 
lia catappa (talisay), Sterculia foetida (calumpang) and a num- 
ber of grasses, shrubs, vines and hedges. In places, mangrove 
swamps protect the land from erosion by the sea while also pro- 
ducing food essential in the elaborate scheme of life in the sea. 

The vegetation dominant in these mangroves are Rhizophora api- 
culata (bakawan), Bruguiera gymnorrhiize (busain), Ceriops ta- oa 
gal (tangal), Nipa fruticans (nipa), Sonneratia (pagatpat) and — 
Avicennia (apiapi). Today, mangroves are important sources of 
fuel. Nipa paims provide roofing material and sap whi 
be fermented into wine, alcohol and vinegar. Pollen 
the nipa and mangrove are found in ancient rocks in 
pines in nearby Borneo, encouraging the ae ee 


for food, fuel and shelter. 


Life’s varied forms 


In many places, rising at the edge of the sea 
mountains me a mantle of greenery he wh 


from the hoe and up the highlandal as) 
the vegetation wili be noted, a change es 
one of the plates. The variations in envir 
of flora have given this country a rich en 
much so that about 3000 different specie; 
trees have already been catalogued. Nume 
among them jasmine, sampaguita, hibiscus, 
acacia, frangipani, orchids and lilies, clothe th 
of scents and color. 


These piants provide not only beauty b 
lowlands, at elevations below 300 meters aboy 
thrive in places of high moisture or rainfall m 
1800 millimeters annually. All parts of this pl 
by man—as food, roofing material, timber, fi 
variety of other necessities. Coconut oil fron x 
for cooking and for a number of domestic and ndus 
as for making soap, ointments, cosmetics and candle 
oil has also been found to be an excellent substitute for dies 
fuel. The coconut meat is a rich source of protein, and the she 
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yields charcoal of high quality. Sap from the flowers is fer- 
mented into palm wine known as tuba, which when distilled be- 
comes a potent drink known as lambanog. Because of its versa- 
tility, the coconut is justifiably called the tree of iife. It is 
an important part of the Philippine economy because copra and 
coconut products rank high among the e orts of the Philip- 
pines. 


* 


On the lowlands and plains are grown important food plants 
such as rice, sugarcane, corn and vegetables. A wide variety 
of fruits also grows on the plains and mountains of the Philip- 
pines, including the banana, mango, cashew, santol, breadfruit. 
durian, jackfruit, guava, atis (custard apple), mabolo (fruit of 
the ebony tree, a variety of persimmon), mangosteen, rambu- 
tan, sugar palm and many others. Related to the mango and 
the cashew is the sineguelas (Spondias purpuria). 


The bulk of timber known as Philippine mahogany comes 
from lowland forests dominated by a few species of trees belong- 
ing to the tree family known as the Dipterocarpacea. The trees 
of this family bear fruits with two to five wings, hence the name 
of the family (from the Greek, di twice; pteron, wing; karpos, 
fruit). Several layers of trees may be recognized in the diptero- 
carp forest. The uppermost layer consists of trees which have 
crowns 30 to 40 meters high; in this group the dominant ones 
are the white lauan (Pentacme contorta); red lauan (Shorea neg- 
rosensis), tangile (Shorea polysperma); guijo (Shorea gutso); 
bagtikan (Parashorea plicata); yakal (Hopea acuminata); apitong 
(Dipterocarpus grandiflorus). Associated with these diptero- 
carps of the uppermost level are trees that belong to other fam- 
ilies, such as the dao (Dracontomelon dao); pili (Canarium ova- 
tum); duhat (Syzygium cumini); and alakaak (Palaquiwm gigan- 
tofolium). The middle layer, with trees averaging 18 to 20 me- 
ters in height, commonly consist of balobo (Diplodiscus panicula- 
tus); kamagong (Diospyros philippinensis); katmon (Dillenia 
philippinensis); anonang (Cordia dichotoma); and a number of 
subsidiary species. The lowest tree layer, with heights of six to 
10 meters, include species belonging to the following genera: 
Grewia, Garcinia, Laportea, and Leea. Below six meters are 
shrubs and a ground layer of ferns, herbs and mosses. Hanging 
from trees are vines, orchids, rattans and climbing figs. 


* 
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Maximum development of the dipterocarp forests is attained 
in areas without a short dry season, or with only a short one; 
such areas are always damp and humid, and are found at eleva- 
tions below 700 meters. Three-fourths of the timber in the Phil- 
ippines come from dipterocarp forest’:~In the past, a small por- 
tion of lowland forests was occupied by \the molave (Vitex par- 
viflora), associated with the narra (Pterocarpus indicus) and 
tindalo (Afzelia rhomboidea). 


At higher elevations, usually starting at 1000 meters and 
rising to 2700 meters or more, trees of the mid-mountain or lower 
montane forest become dominant. Trees belonging to the laurel 
family (Lauracceae), which includes Cinnamomum, Litsea, and 
Neolitsea, and oaks (Quercus spp.,), are well represented in this 
type of forest. Tree ferns and ground herbs replace the palms 
and vines of the lowland forests. In Mindanao, southern conifers 
such as Podocarpus, Phyllocladus and Agathis bear affinities with 
Australian flora. On the other hand, pine forests of Luzon and 
Mindoro suggest land connections with the Asian mainland, Pinus 
insularis is the most common species in the pine forests of the 
mountains of Benguet, Mountain Province, Kalinga-Apayao and 
Ifugao, while Pinus merkusii is found in some areas in Zambales 
and Mindoro which have been restricted to preserve the species. 
The lower montane forests are typically open and sunny. 


At still higher elevations, constant, daily mists promote the 
development of a different type of forest, one known as the lower 
montane mist forest. This is a dimly lit, dense, mossy forest on 
which grows only one layer consisting of trees about six to eight 
meters high. This mossy forest is the domain of species belong- 
ing to Eugenium, Eurya, Quercus, Lithocarpus, Myrica, Neolitsea, 
Podocarpus and Symplocos. In Mount Pulog, above 2750 meters, 
the summit area of several square kilometers is occupied by an 
open grassland dominated by the dwarf bilaw (Miscanthus), a 
species associated with the dwarf bamboo (Arundinaria) and the 
grasses Calamagrotis, Anthoxanthum, Deschampsia and the plants 
Anaphalis, Euphrasia, Gentiana and Ranunculus which are sug- 
gestive of a sub-alpine habitat. 


Open plains and hills of the Philippines are covered mainly 
by kogon (Imperata cylindrica) and talahib (Saccharum spon- 
taneum). Talahib, the taller species of the two, is more often 
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found in sandy and gravelly soils, while the more aggressive sh 
gon is usually found in clayey soil. Open lands that are wet to 
swampy are favored by the tambo (Phragmites vulgaria). In 
highlands where pine forests are found, punaw (Themeda trian- 
dra) and bilaw (Miscanthus sinensis) take the place of cogon and 
talahib. 


The forests and grasslands are home to a great variety of 
land animals, some of which are endemic, or unique to the Philip- 
pines. Some of these endemic species like the monkey-eating 
eagle (Pithecophaga jeferryi), now known as the Philippine eagle, 
and the tamaraw (Anoa mindorensis) are today threatened with 
extinction. The tamaraw, smaller than the carabao, with v- 
shaped horns in its adult years, is found only in the island of 
Mindoro where bamboo thickets provide it with both shelter and 
food. The monkey-eating eagle, which stands about three-and- 
a-haif feet, is found in the Sierra Madre mountains of Eastern 
Luzon and in the heavily forested areas of Mindoro. It feeds 
mostly on monkeys but it has also been observed to feed on young 
pigs, wild cats, flying lemurs and flying squirrels. 


Another threatened species is the tarsier (Tarsius philippt- 
nensis), found in Bohol, Leyte, Samar and Mindanao. The tarsier 
is the smallest of the primates, the mammalian group which in- 
cludes man. This animal with strikingly large eyes, is a nocturnal 
animal that lives in trees and feeds on insects. The tarsier is 
also found in Borneo and Celebes. It is related to the lory of 
Tawi-Tawi, a species also on the brink of extinction. 


The tree shrew (Tupaia cuyonis), found in Cuyo Island, is 
the most primitive of the primates, and is believed similar to the 
earliest primates that evolved from a more generalized mam- 
malian ancestor. It is also found in Borneo, Java, Sumatra, the 
Malay peninsula, Burma and India. The other primate found in 
the Philippines is the monkey (Macaca philippinensis), which en- 
joys a wider distribution. 


The mouse deer or chevrotain (Tragulus nigricans) is another 
form of vanishing wildlife. Today, this is found only in Balabac 
Island, south of Palawan. Other mammals restricted to the prov- 
ince of Palawan are the pangolin or scaly ant eater (Manis java- 
nica), badger (Mydaus marchet), the binturong or bear cat (Arc- 
tictis), the otter (Lutra ciaerca), spiny ant eater (Thecurus pu- 
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milis) and the mongoose (Mungos). Some squirrels are located 
only in Palawan, Sulu and Basilan; the weasel is found only in 
the first two provinces, 


The wild pig (Sus celebensis), deer (Cervus spp.), wild cat 
(Felis minuta), palm civet (Paradoxrurus philippinensis), civet 
(Viverra tangelunga) and various rodents show a wide distribu- 
tion in the islands of the Philippines. A number of species of 
bats, some feeding on insects, others on fruits are also found in 
the country. 


The grasslands, forests, swamps and the sea shelter a num- 
ber of reptiles, the class in which crocodiles, turtles, lizards and 
snakes belong. Two species of crocodiles are found in the Philip- 
pines, the salt water crocodiles (Crocodylus porosus) and the 
Mindoro crocodile (Crocodylus mindorensis). The smaller Min- 
doro crocodile, reaching a maximum length of 2.4 meters, is res- 
tricted to the inland waters of Luzon, Mindoro, Mindanao and 
Sulu. The salt water crocodile, reaching a length of 6.1 meters, 
has a wider range of distribution. Four species of land turtles 
are found in the Philippines. The marine hawksbill (Hretmochelys 
imbricata) is the source of tortoise shell. 


Lizards and snakes comprise the majority of reptilian species. 
The reticulated python (Python reticulatus), found in the Philip- 
pines, grows to a length of about 10 meters and is the 1 
snake in the world. On the other hand, the brahminy blind snake 
(Typhlops brahminus), which grows to only about 15 centimeters, 
is one of the smallest snakes in the world. Also found in the 
Philippines is the largest venomous snake in the world, the king 
cobra (Ophiophagus hannah) which grows to a length of about 
5.5 meters. Although there are more than 70 species of land 
snakes listed in the Philippines, only seven are venomous and 
these belong to two families—Elapidae (cobras and coral snakes) 
and Crotalidae (pit vipers). Sea snakes (hydrophiidae) and sea 
kraits (Laticaudidae) inhabit the marine waters of the Philip- 
pines. One species of the Hydrophiidae, however, the Hydrophis 
semperi, is found in Lake Taal. Sea snake venom is extremely 
toxic, some species having venom more toxic than that of the most 
venomous land snake. 


House lizards in the Philippines, Hemidactylus frenatus, 
Gehyra mutilata and Cosymbotus platyrus, belong to the family 
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Gekkonidae which also includes the tuko or (Gekko gecko) and the 
Gekko monarchus. The largest Philippine lizards are the moni- 
tor lizard (Varanus salvator) and the sailfin water lizard (Hydro- 
saurus pustulosus) which grow to two meters and one meter, res- 
pectively. Lizards belonging to the genus Draco have flaps of 
skin which permit them to glide from tree to tree, hence the term 
“flying lizard.” These flying lizards, Calotes spp. and Gonyocep- 
halus spp., like the chameleon, have the ability to change color to 
blend with their surroundings. 


Frogs and toads belong to the class amphibia, two orders 
of which (Anura and Apoda) have Philippine representatives. 
Angel C. Alcala in 1976 notes that tailed amphibians (Urodela), 
which include the salamander, have not been found in the Phil- 
ippines. 


Contributing to the music of the forests are 450 species of 
resident birds about 150 species of migrant birds. Next to fishes, 
birds have the greatest number of species among vertebrates of 
the Philippines. Among Philippine birds are doves, pigeons, king- 
fishers, egrets, mallards, thrushes, hawks, crows, owls, swifts, 
cuckoos, woodpeckers, starlings, parrots, swallows, cranes, he- 
rons, hornbills, rails, snipes, grills and sandpipers. The tabon 
or megapode (Megapodius freycinet) is a representative of the 
primitive bird known as mound builder or brush turkey, which is 
also found in Borneo. In Palawan, nests of the swiftlet (Colo- 
calia inexpectata) are gathered and highly prized in the making 
of a popular kind of soup. These nests are made of the hard- 
ened saliva of the swiflet. 


Many birds are endemic. Roy E. Dickerson in 1928 sug- 
gests that the distribution of the hornbills (Hydrocorax), which 
developed into different species, is related to ancient configura- 
tions of land in the Philippines. 


Fishes, which constitute the vertebrate group with the greatest 
number of varieties, come in all sizes, from the tiny Pygmae pan- 
daka to the giant whale shark (Rhinocodon typus), which grows 
to more than 15 meters. Among the common freshwater fishes 
caught for food are the dalag or mudfish (Ophiocephalus striatus), 
several varieties of catfish, with the hito (Clarias batrachus) be- 
ing the most common. Members of the carp family are found in 
Mindoro, Palawan, and in provinces of Mindanao, especially Sulu, 
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where a variety of gourami is also present, There are many 
brackish water species, as well as species that spend part of their 
life cycle in the sea. The bangus or milkfish (Chanos chanos) is 
an example of the latter. Gobies, eels and mullets can live in 
the sea as well as in streams and lakes. Young gobies are caught 
in large numbers, salted and fermented into bagoong, a condiment 
also found in such other Asian countries as Indonesia, Thailand, 
Vietnam and Korea. The liquor of bagoong is also extracted and 
is the source of the flavoring known as patis, another nearly indis- 
pensable household item in Southeast Asia. 


Philippine seas abound with anchovies, sardines, mackerel, 
tuna, pompano, sea basses, shark stringrays, snappers and flying 
fishes. The great white shark of recent movie fame (Carcharo- 
don carcharias), hammerhead and tiger sharks prey in Philippine 
waters. Seafaring mammals such as the porpoise, dolphin, whale 
and manatee (Dugong dugong) also enjoy the warmth of the tro- 
pics around the Philippines. 


Before examining further other fauna of the sea, let us return 
to the land and look at lower animal forms that lurk in Philippine 
forests, streams and plains. A large number of joint-legged or- 
ganisms known as arthropods, which include insects, spiders and 
crustaceans, also find in the archipelago a tropical habitat. Mos- 
quitoes, flies and cockroaches are among the pests that irritate 
man but they also provide food for birds, bats and other animals. 
Some insects, like the large ant and some varieties of beetles, com- 
prise gourmet food in some areas of the Philippines. Insects also 
perform the important role of fertilizing plants by carrying pollen 
from their flowers. 


In addition to their practical uses, insects complement the 
numerous colors of Philippine birds and flowers. Butterflies and 
moths are adorned by a great variety of patterns and colors that 
make them favorite material for zoological collections. The larg- 
est among Philippine butterflies is the rare species Papilio trojana, 
found in Palawan, which attains a wing span of 18 centimeters. 
Among the smallest in the archipelago, found in various parts of 
Luzon and the Eastern Visayas, is the Lamproptera megesdecius, 
with a wing span of only about four centimeters. Estimates on 
the number of varieties of butterflies and moths range from 800 
to 3,800. A number of dragonfly varieties are also known in 
the Philippines. 


———— 
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In lakes, streams and in the sea, arthropods also thrive, so 
that Filipinos for centuries have gathered shrimps, crayfishes and 
crabs for food. Shrimp fry are also salted and fermented into 
a variety of bagoong. 


In Philippine forests and even in farms and streams leeches 
may be found. Also harmful to man are a number of parasitic 
worms that infest animals and man. These and other lower forms 
of life, however, are still part of the web of life. Earthworms, 
for example, help the soil remain fertile. In harsh environments, 
especially where pollution has set in, worms and various burrowing 
organisms are among the first life forms to settle and restore 
equilibrium to a habitat upset by the wastes and poisons of mo- 
dernization. 


Molluscs, the animal group which includes snails, clams, octopi 
and squid, are another lower animal form well represented 
in the archipelagic environment of the Philippines. Land snails, 
fresh water snails, mussel and clams inhabit the islands. The 
shores, swamps, reefs and seas hold molluscs of so many kinds as 
to make the Philippines—and the Indo-Pacific region—the richest 
in terms of variety. Both the fresh-water and salt-water types 
provide food. Other products yielded by molluscs include pearl 
from oysters and mother-of-pearl from the species Placuna pla- 
centa which can be converted into buttons, window panes and a 
variety of handicraft items. 


Some of the shells highly prized by collectors for their form, 
color or rarity as a species are encountered in Philippine seas. 
Among these are the glory of the sea cone (Conus gloriamaris), 
golden cowry (Cypraea aurantium), wentletraps (Epitonium sca- 
lare and E. pallasi), carrier shells (Xenophora solaroides and 
other species of the family zenophoridae), the intricately sculp- 
tured shells of the murex family (e.g. Pterynotus elongatus) and 
thorny oyster (Spondylus regius). , 


The variety of corals, sponges and the color of underwater 
gardens in the reefs of the Philippines make the islands a paradise 
for skindivers and marine scientists. Associated with the corals 
are algae (sea weed), lower plants important as sources of food 
for man and other organisms. These are also valuable because 
they produce oxygen from the carbon dioxide expelled by animals. 
Different kinds of coral-algal reefs are found in the Philippines. 
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A barrier reef is found in Bohol; the Apo reef off Mindoro is a 
double atoll; table reefs are found along the Sulu chain of islands, 
while fringing reefs hug the shores of many small and large 
islands. As mentioned earlier, ancient reefs have become im- 
portant reservoirs of oil and gas, hydrocarbons generated from 
the remains of marine life that thrived in Philippine waters 
millions of years ago. 


Life-giving environment 


The wide variety of life now found in the Philippines is the 
result of a favorable environment. A similar environment in the 
distant past may be deduced from the record of the rocks. These 
organisms did not settle on the land and seas of Philippines only 
during historic times. The splendor of tropical life, and the wealth 
of the forests, lakes, streams and seas were already evident when 
early man lived in the Philippines. He saw a land that pleased 
his senses, and in his bones stirred the knowledge that earth and 
sky, the life-giving essence around him had been generous. Various 
forms of life, creatures that moved or grew, flourished because 
suitable terrains and soils gave shelter to organisms with require- 
ments for survival obviously different from each other. Let us 
now look at the topography and the underlying rocks which form 
the Filipino’s ancient homeland. 


It can bear repeating that in many of the large islands of 
the Philippines there exists a variety of landforms developed on 
a complex subsurface architecture; the picture they conjure is 
not the simple one of a palm-covered tropical coral island. On 
these varied contours sculpted by nature’s relentless processes of 
accretion and erosion, diverse plant and animal communities 
flourished. These communities combined with the varied land- 
scape to compose a complex and fascinating picture. 


The landforms also influenced the subsequent evolution of 
Philippine culture and history. Seaways between fragmented 
islands, mountain ranges and forests formed natural barriers 
that made inevitable the development of heterogeneous languages 
and modes of life among the pristine communities of the archi- 
pelago. During the intrusion of European and American colon- 
izers, a geopolitical awareness, a perception above the level of 
communal instinct, influenced the selection of strategic sites and 
political centers. Manila, for example, has a combination of phy- 
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sical features that favored its growth as the prime city of all the 
islands. Its uniquely shaped and situated bay, protected by the 
island of Corregidor, the Zambales Range and the peninsula of 
Cavite, is an ideal site for a port. The hinterland to the east, 
the Sierra Madre range, is a formidable natural wall against in- 
vaders from the Pacific. The Central Plain of Luzon is large 
and near enough to supply food and other necessities to the com- 
munity in Manila and thus support its fast growth. Luzon, itself, 
has varied resources to encourage the development of foreign 
trade. The other main islands were not found by seafaring 
ancestors to possess the same combination of features that en- 
couraged the growth of Manila. 


The strategic location of the Philippines was realized by 
Americans, as it had been by the Spanish colonists whom they 
replaced at the turn of the century. Apart from serving as an 
excellent stepping stone to the Far East, the archipelago had 
another geographic value explicitly stated by Warren Dupre Smith 
in 1925: 


“Another fact of geographic importance to the Ame- 
ricans at least and which is of first importance in the 
political question of the future of the Philippines, is that 
the Philippine archipelago lies directly athwart the en- 
trance to the great all-water World-way leading from 
the Pacific Ocean to the Atlantic by way of the Indian 
Ocean and the Mediterranean. For this reason alone 
Americans particularly and all geologists should be inte- 
rested in the geology of that region. The Philippine 
islands occupy a position comparable in the East Indian 
region to that of the Antilles in the Caribbean.” 


Recent events in Southeast Asia and the Middle East show that 
geography and geology are as important in the present age of jet 
planes, missiles and nuclear ships as they were in the past when 
the sea alone determined prime strategic planning. 


In addition to the relevance of topography to Philippine his- 
tory and culture, an appreciation of the potential and of the 
restrictions inherent in the contours of the land is essential to 
planning for the future. In northwestern Luzon, for example, 
the Ilocos region is predominantly mountains, with only about 
one-third of the area suitable to agriculture. Compared with 
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other areas in the Philippines, the Ilocos region would therefore 
have a smaller potential for agricultural development. Faced 
with this limitation, one devising the region’s agricultural stra- 

tegy for the coming years will be directed toward “specialization 
and intensification of high-value, labor intensive cash crops i 
tobacco, silk and cotton,” as recommended in the dhe? 
1978-1982 of the National Economic and Development A 
In the mountains, there are areas where soil and clim 
favorable to fruit and vegetable production, and ¢ 
planning in the area accordingly takes this into account. Jaa 


As in the past, when communities learned the r ; 
them of geography and geology, present and future g Pe wi 
be influenced, to a large extent even determined, by chara 
teristics of the Philippine archipelago. In the la 
Luzon and Mindanao, a combination of earth move 
ism, sculpturing by streams and the sea and dey 
debris of erosion has given rise to a complex |: 
islands contain lofty and rugged mountain rang 
tile valleys, plateaus, lakes, volcanoes, swamps, b 
Offshore, shelves, trenches, tablenoaaa ar 
variations in the relief of the seafloor. } 
may not have all these elements. Instead s 
tral range of mountains and a coastal ple By ' 
offshore. Small islands may consist of or 
graphic element, such as a reef, volcanic 
protuberance of hard rock over the sea-botto 
sizes and landforms, while forming an arch 
beauty, has also given shelter for various fe 
past, affording them continuity and abundar 
the foundations for development and survival. 


The archipelago is usually subdivided int 
parts—Luzon in the north, Mindanao in th 
Visayas, an island group, between these two r 
three stars in the Philippine flag represent th 
fold subdivision of the physiography, on the other 
nized by geologists of the Bureau of Mines and G 
are preparing a book on the geology of the tre | 
consist of three areas with a general north-south direction— 
the Eastern Physiographic province, the Central Physiog 
province and the Western Physiographic province—and one so 
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western province, In this technical classification of landforms 
in the Philippines, features within each province are traced north 
to south, from Luzon to Mindanao. This mode is not followed 
in the survey made in this chapter. Instead, features of each 
major island will be discussed and, if possible or appropriate, 
correlated with features found in other parts of the archipelago. 
This approach to the composition of a picture of the country’s 
landforms is analogous to the freshly accumulating viewpoint 
of a traveler on a voyage around the Philippines. 


A traveler approaching Northern Luzon from the east will 
be confronted by the imposing and rugged mountains of the Sierra 
Madre Range at the edge of the Pacific. Nearby, beneath the 
Philippine Sea, is a subsea plateau known as the Benham Rise, 
covered by about 2-1/2 kilometers of water. The plateau rises 
from depths of 5,000 meters. M. Motegi in 1975 suggests that 
the plateau is related to the middle section of the bend of Luzon 
known as the Luzon Reentrant, where water depths generally 
exceed 500 meters. However, south and east of Polilio is a shelf 
extending as far east as the island of Catanduanes and reachinz 
widths of 50 to 65 kilometers and water depths of 40 to 50 meters 
Polilio Island, after which the shelf was named, is kidney-shaped, 
with an area of 654 square kilometers. The west coast of the 
island consists of a plain that rises westward to highlands which 
include Mount Malolo, at 329 meters the highest point in the 
island. 


Between the Benham Plateau and Northern Luzon, the sea- 
floor plunges to depths exceeding 5,000 meters in a narrow trough 
called the East Luzon Trench. The Sierra Madre Range along 
the northeast coast of Luzon has a northern prolongation which 
plunges into the sea. This north-south trending ridge, the Cagua 
Ridge, rises to 3,000 meters above the seafloor. The Philippine 
Sea therefore contains valleys, mountains and plateaus hidden 
from human eyes. 


Contour of the land 


The Sierra Madre Range, which hugs the eastern coast 
of Northern and Central Luzon, is 565 kilometers long, the long- 
est mountain system in the Philippines. This range, with an 
average width of 40 kilometers, has peaks ranging from 1,150 
to more than 1,850 meters. The northernmost peak is Mount 
Cagua, 1,158 meters. Mount Anacuano (1,852 meters), the high- 
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est mountain of the range, is located west of Ildefonso Penin- 
sula in the subprovince of Aurora. The mountains beyond the 
Antipolo Plateau, visible from Quezon City and Pasig, Rizal, in- 
clude the angular and lofty Masungit Rock. Cascading water- 
falls and mysterious caves, typical features of many mountains 
of the Philippines, are thus to be found just a short drive away 
from Metro Manila. The Daranak Falls in Tanay and the Mon- 
talban Caves are among these marvelous sights easily hap 
from the capital of the Philippines. 


The Sierra Madre Range merges with the Central Cordillera, 
another dominant range in Northern Luzon, to form with the 
Caraballo Mountains, a Y-shaped mountain system. Located in | 
the province of Isabela and Nueva Viscaya, the Caraballo Moun- 
tains is also called the Central Knot of Luzon. Cradled | 
the arms of the Y, between the Sierra Madre and the 
Cordillera, is the Cagayan Valley, a north-south trending d 
sion about 240 kilometers long and 50 kilometers wi 
fertile valley, one of the rice granaries of the P 
drained by the Cagayan River. The name of the river is 
from the Ilocano word for river, carayan. The ri 
tributaries which flow from the Central Cordillere 
boundary of the valley. North of the valley are ml 
lands, the Batanes-Babuyan Island group. Thnes 0 the 


The Central Cordillera is the moat p — 
Northern Luzon. This high and rugged mo 
abruptly from the Central Plain of Luzon _ 


Range, with elevations reaching 1800 meters; th 
1800 to 2928 meters; and the Polis Range, 1500 o 2100. 
Mount Pulog, the hichent peak in the Central Range ( it 

ters), is the second highest point in the Philippines. Oth 
mountains in the Central Cordillera are Mount Kapiligan i 
meters), Mount Pavol (2456), Mount Data (2800), and Mount 

Santo Tomas (2256). Also found in the Central range is the 
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highest point in the Philippine highway system, at 2256 meters 
elevation—even higher than Mount Koscuisko (2229 meters) 
which is the tallest mountain in the continent of Australia. In 
the Mountain Trail (Halsema Road), it is not unusual to travel 
above the clouds along roads strung on mountainsides above diz- 
zying cliffs. Ravines, waterfalls, irregular ridges and contorted 
peaks reaching for the sky are common in this enchanting up- 
land. In some places here narrow, steep limestone needles pierce 
the clouds, such as those found around Baguio and Sagada. To 
combat erosion, Filipinos have constructed huge stairways in the 
awesome heights of these uplands and turned them into the 
world’s most unique ricefields. The most famous of these are 
the terraces of Banawe. 


The waters of the Central Cordillera are brought to the 
sea by four main rivers. Two of these, the Magat and the Chico 
Rivers, flow into the Cagayan Valley where they merge with the 
Cagayan River. Agno River flows southward to the Central 
Plain of Luzon, and Abra River flows north to the vicinity of 
Vigan where it changes course, turning westward along the Abra 
water gap. before pouring into the South China sea. This feature 
suggests that the river existed in the past before the Ilocos High- 
lands were formed. 


A narrow coast borders the Central Cordillera. This Ilocos 
lowland, only about 13 kilometers wide, consists of rolling hills 
and a narrow coastal plain. East of this lowland is the Vigan- 
Abra Highland with an average elevation near 700 meters and 
a cluster of peaks ranging from 790 to as high as 1515 meters. 
At the base of the Three Sisters group (1441 meters), 25 kilo- 
meters east-southeast of Candon, Ilocos Sur, is the breathtaking 
scenery of the Tirad Pass where the 22-year-old Filipino general, 
Gregorio del Pilar, fought a valiant stand with sixty comrades 
against a battalion of three hundred Americans on December 2, 
1899. 


South of the narrow Ilocos coast is the Lingayen Gulf which 
has also been the scene of important historical events. In this 
gulf, afloat like an armada of green-covered ships, are the fabled 
Hundred Islands, a pleasing handiwork of nature produced by 
a succession of encroachments by the sea which formed the lime- 
stone layer and then the uplift of land, caused fragmentation and 
erosion of the limestone, and finally submergence of the erosional 


88 / Tadhana: The Philippine Profile 


remnants. In the northwest coast of Pangasinan, marine erosion 
also carved the unusual umbrella rock on the shore of Agno. 


The western promontory protecting Lingayen Gulf is the 
northernmost portion of the Zambales Range which extends 
southward to the peninsula of Bataan. This range is similar 
to the highlands of Mindoro and Lubang Island, so much so 
some geologists group these areas with the Western Highla 
Four major volcanic centers are recognized within this r. 
On Bataan Peninsula, Mount Natib (1253 meters) and 
Mariveles (1888) are the two southernmost volcanic cente: 
the north of Mount Mariveles is the historic Mount Samat 
On these mountains of Bataan thousands of valiant Fi 
sacrificed their lives in defense of their nation during 
days of World War II. Farther north and on the e 
the range are Mount Balikibok (1800 meters) and M 
tubo (1745). The western fringe of the range is : 
ing of a narrow plain, magnificent bays and, in pl 
Offshore, the seabottom plunges into a narrow anc 
known as the Manila Trench. This north-south 
could be traced to as far south as Mindorony whe 


Range and the Sierra Madre Range, is the r 
of the Philippines. From the foothills of | 
it extends south for 150 kilometers to the : 
This fertile plain is about 60 kilometers 
in the central part of the plain is Mount Ar 
tain, which rises to 1030 meters. : 


The Central Plain is drained at its north 
River which flows into the Lingayen Gulf, a 
the Angat and Pampanga Rivers which floy 
Angat River has its headwaters in the Sierra 
culations on the load of the Angat River bj 
and Cornelio C. Cruz in 1933 have shown tl 
of the drainage basin of Angat River is about : 
per year. This rate is 10 to 100 times higher than 
in Europe and North America but it is comparable to 
measured in Indonesia as reported by Reinaut V. W. van 
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The bamboo (overleaf) and the sugarcane (left) 
are members of the grass family that thrive in low- 
land areas of the Philippines. 

Philippine forests shelter a variety of wildlife 
including the megapode, tabon bird (facing page, 
bottom left), the mouse deer (facing page, bottom 
right) and seloputo owl (above). 


Various flowering plants such as the orchid (facing 
page) and the Kingfisher (Halcyon chloris quilaris) , 
above, contribute to the hues of the Philippine 
habitats. 


The worlds’ smallest fish in terms of length, Pan- 
daka pygmeea, (right, above) and, in weight - The 
sinarapan (right, below) flourish in Philippine 
waters. The worlds largest fish, the whale shark, 
also lurks in the tropical seas of the Philippines. 
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The national flower, sampaguita (facing 
page, above) and the ilang-ilang (facing page, 
below) are noted for their fragrance. 


The narra (above), the national tree, is a 
highly prized fine grained hardwood with 
mellow rose and yellow tones. 

The coconut (overleaf) is a veritable tree of 
life. Copra derived from its nut is a primary 
export product. 
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melen in 1948, The erosion rate is presumably higher, with the 
extensive deforestation of large areas in the Sierra Madre Range. 
The Angat River joins the Pampanga River; north of this con- 
fluence is a large tract of swampy land (270 square kilometers) 
known as the Candaba swamp, which covers areas in the provinces 
of Bulacan and Pampanga. According to Mario Sandoval and 
Francisco Mamaril, Jr., the Candaba swamp probably is the re- 
sult of a combination of the following factors: 1) very low stream 
gradient; 2) low elevation of the area; and 8) shallowness ou 
the water table in the area. 


Southward, the Candaba swamp merges with a delta that 
rims the eastern side of Manila Bay. This delta, on which is si- 
tuated the City of Manila, rises eastward to the Quezon City 
Plateau which is underlain by tuff, a rock consisting of consoli- 
dated volcanic ash. The Manila delta is broadest, reaching a 
width of about five kilometers, at the confluence of the Pasig 
River and the San Juan River. The relatively flat delta, reaching 
an elevation of about three meters in the districts of Makati, 
Sta. Mesa and La Loma, is interlaced by an intricate pattern of 
tributaries and distributaries called esteros. The principal city 
of the Philippines therefore actually consists of many islands. 
The grounds of Malacafiang, in the section of the city known 
as San Miguel, are on an island bounded by the Pasig river, the 
Estero de San Miguel which is one of the largest of such canals 
in Manila, and the short Estero de Uli-Uli. To the northwest, 
in the Malabon and Caloocan areas, numerous sand bars and es- 
tuarine islands form swampy land which is increasingly being 
reclaimed. Similar reclamation projects are also being under- 
taken to the south, on an area which in the past was bordered 
by a narrow strip of sandy shore, from Parafiaque, through Bac- 
laran to the boundary of Pasay and Manila. These projects 
change the profile of the city, expanding the land areas toward 
the sea. 


Just southeast of metropolitan Manila, Laguna de Bay, 
named after the town of Ba-i or Bay, a Pilipino word for prin- 
cess or lady, is the largest body of fresh water in the Philippines 
and Southeast Asia. The lake, with an area of 90,000 hectares, 
has three lobes and a shoreline of 220 kilometers. In the north- 
south direction it is 40.8 kilometers long, and 45.6 kilometers in 
the east-west direction. About 10,000 fishermen and their fa- 
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milies obtain their livelihood from the lake, which yields an an- 
nual catch estimated at 40,000 tons. 


The lake has a drainage area of 8,264 square kilometers from 
which an average of four billion cubic meters of water flow into 
the lake. Of this amount, three billion cubic meters are dis- 
charged into Manila Bay through its only outlet, the Pasig river, 
which cuts across the heart of Manila. The remaining one bil- 
lion cubic meters seep into the ground to recharge underground 
reservoirs known as aquifers, but the bulk of this amount returns 
to the air by evaporation. 


The Laguna de Bay is relatively shallow in most places, 
its average depth being only 2.8 meters. The lake bottom, how- 
ever, plunges to depths exceeding 18 meters near Diablo pass be- 
tween the Binangonan peninsula and Talim Island, in a channel 
connecting the lake’s Marikina lobe and its Tanay lobe. The lake 
level, only about 1-1/2 meters above the mean sea level of Manila 
Bay, rises occasionally from two to four meters during the rainy 
season and during periods of intense rainfall that accompany 
typhoons. At certain times, however, high tides in the Manila 
Bay exceed the lower water level of the lake. At such times 
the flow of the Pasig River is reversed, bringing salt water into 
the lake. This intrusion of salt water has raised the amount 
of dissolved salts in the lake to as much as 5000 parts per million, 
a level in excess of the quantity recommended for irrigation and 
water supply. 


Several elements in the architecture of Central Luzon con- 
tributed to the origin of this large body of fresh water. The 
eastern margin is bounded by the Sierra Madre range while the 
south and southwest are on the edge of highlands formed by 
relatively young voleanoes. Arching of the rocks underlying 
Manila, Western Rizal and Western Laguna owing to movements 
which produced the Marikina fault eventually blocked the drain- 
age and impounded vast amounts of water. 


This body of water and its outlet, the Pasig river, have been 
the setting of many historical events. Tagalog kingdoms were 
established around the lake. Today, the lake is an important 
natural resource whose potential has barely begun to be realized. 
In the future, it will serve as a source of water for Metro Manila 
and for irrigation. Some experts have also proposed using the 
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lake to control floods. On account of its tremendous value as 
an important natural resource, constant painstaking care must 
be exercised to prevent industrial pollution and salt water intru- 
sion from Manila Bay, the two main causes of the deterioration 
of the water quality. Increased siltation caused by floodwaters 
pouring into the lake must also be guarded against. Otherwise, 
a lake born hundreds of thousands of years ago may perish within 
historic times. 


A volcanic field lies in the region west and south of Laguna 
de Bay. The volcanoes in this area include Mount Makiling (1090 
meters), Mount Cristobal (1470) and Mount Banahaw (2177). 
Hot springs at the foot of Mount Makiling attracted early Spa- 
nish explorers, whose passion for them led to the construction of 
Roman baths in the town of Maynit (now Los Bafios) in 1671. 
Today, the Makiling-Banahaw region is being developed for geo- 
thermal energy, earth heat which can be harnessed to generate 
electricity. 


A world-renowned caldera, Lake Bombon and Taal Volcano 
together, is located southwest of Laguna de Bay. The lake has 
an area of 330 square kilometers; within it is a small active 
volcano, which in turn has another lake within its crater. Taal 
Volcano, one of the lowest volcanoes in the world, and its scenic 
lakes may be viewed from the Tagaytay Ridge on the north side 
of the caldera. The ridge, with an average elevation of 600 
meters, includes Mount Batulao (693 meters) in the west and 
runs to Mount Sungay in the east. 


The volcanic terrain of Cavite, Batangas, Laguna and Quezon 
forms the Southwest Luzon Upland. The coast on the southern 
edge of this upland, at Malbrigo Point in Batangas, offers strik- 
ing scenery consisting of a succession of broad marine terraces 
that rise gradually up to 180 meters above sea level. On the 
northern part of the upland is another stretch of coast, running 
through a spit jutting into Manila Bay and on which Cavite City 
is built. The eastern boundary of the upland merges with the 
southern extension of Sierra Madre Range, which projects south- 
ward into the Sibuyan Sea as the Bondoc Peninsula. The penin- 
sula is underlain by folded rocks that reach 350 meters in eleva- 
tion. Drowned streams in the peninsula indicate recent sub- 
mergence of the area. 
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Southwestern Luzon is a peninsula connected with the rest 
of Luzon along Calauag. Uplifted terraces and a low elevation 
of land separating Calauag Bay from Ragay Gulf suggest that 
a continuous channel existed from Lamon Bay to Sibuyan Sea 
in the past. 


Dormant and active volcanoes form the most prominent fea- 
tures on the Bicol plain in the peninsula of southeastern Luzon. 
These volcanoes, aligned parallel to the southeast trend of the 
Bicol Peninsula, are Mount Labo (942 meters), Mount Isarog 
(1976), Mount Iriga (1159), Mount Malinao (1657), Mount Ma- 
yon (2421) and Mount Bulusan (1553). The most famous of these, 
Mayon Volcano, whose proudest feature is its almost perfect cone, 
derives its name from the Bicol word for beautiful—magayon. 
This volcano has been erupting regularly every 10 years since 
1814, the year of its worst recorded eruption, which killed about 
12,000 people and buried vast areas like Cagsawa and Budiao. 


Lake Buhi, near Mount Iriga, is believed to have been formed 
when the volcano erupted in 1641. This lake, at an elevation of 
100 meters above sea level, is famous for tabios or sinarapan, 
the smallest commercial freshwater fish in the world. 


The Bicol Plain or Bicol Basin, lying west of the volcanic belt, 
is drained by the Bicol River. A coastal range of low mountains 
and hills bounds this plain on the southeast beside the Ragay 
Gulf. Within the basin are limestone caves, such as the Lib- 
manan Caves, adorned by stalactites and stalagmites, icicles and 
pillars of calcium carbonate. Elsewhere in the limestone areas 
of Bacon are caves that contain prehistoric artifacts. 


The eastern, irregular coast of the Bicol Peninsula holds nu- 


merous bays. San Miguel Bay shows at least five traces of old 
shorelines, an indication that the Bay emerged from the sea. 


Caramoan Peninsula, adjacent to the Bay, is an interesting ter- 


rain underlain by old rocks. The south end of the Bicol Penin- 
sula, shaped like a hook, protects Sorsogon Bay. 


East of the Caramoan Peninsula, the bean-shaped island of 
Catanduanes stands on the Polilio Shelf. It is about 60 kilome- 
ters long in the north-south direction and 40 kilometers in the 
east-west direction. Only seven per cent of the land area of 
about 1,469 square kilometers are lowlands; these are in the 
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southern part of the island. In the areas along the shore, wave 
action had sculptured limestone into pedestals and stacks. Caves, 
sinkholes and depressions are also found in limestone areas. Near 
Virac and Calolbon, caves hoard large guano deposits. 


The highlands of Catanduanes consist of three northwest 
trending mountain chains—the northern, the eastern, and the 
southwestern blocks. The highest point on the island is 803 
meters high, located within the southwestern block. A limestone 
ridge within the southwestern block has been eroded to form hills 
shaped like haystacks similar to those found in Bohol. 


Mindoro, the seventh largest island in the Philippines, with 
an area of 9,830 square kilometers, is another bean-shaped island 
separated from the island of Luzon in the north by the Cape 
Verde passage. The island is set apart from the islands of Ma- 
rinduque and Romblon by the Tablas Strait in the east and from 
Palawan by the Mindoro Strait in the southwest. Apo Reef, a 
magnificent double atoll whose water sparkles with rainbow- 
hued fishes, corals and marine life, is found west of Mindoro. 


A central range known as the Central Mindoro Divide runs 
through the length of the island. Among the loftier peaks in this 
range are Mount Halcon (2505 meters), Mount Burburungan 
(1574), and Mount Baco (2488). Steep valleys and waterfalls are 
common features of the eastern side of the range. In the north- 
east, Lake Naujan, 98 square kilometers of serene waters, is 
surrounded by volcanoes in the north, east and south. The lake, 
teeming with fish and waterfowl, is the breeding ground of the 
Mindoro crocodile. To the north is Puerto Galera, a sheltered 
and complex inlet that offers a dramatic view of the soaring peaks 
of the central range and coral beaches nearby. Young volcanic 
cones and plugs form rounded hills and promontories on the east 
coast, 


Marinduque is a round-shaped island east of Mindoro and 
separated from the Bondoc Peninsula by the Mogpog Pass. It is 
connected to Luzon by a strip of land that is actually part of its 
contour although its surface is beneath 75 meters of water. If the 
sea were to recede by this much, overland travel between Marin- 
duque and Luzon would be possible. The island, 899 square kilo- 
meters in size, is mountainous, with peaks ranging from 558 to 
1157 meters high. The island is crossed by the Boac River whose 
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waters originate in the southeast, flow northwestward and empty 
into the Sibuyan Sea. Narrow pockets of alluvial flats hug the 
mountainous core of the island. In the southeast part of the 
island stands the young volcanic mountain Mount Marl: 
meters), the highest mountain in the island. 
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The Sibuyan Sea is a basin that separates Lavon from the Se 
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A broad shallow shelf stands less than 50 1 mete 
Visayas sea between the islands of Masbate, Ticao, Os 
and Guimaras. If the surface of the sea were lowered 
meters, a large island would be uncovered by the receding er 
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drawn from the oceans and locked in vast sheets of ice that 
covered large parts of Europe, Asia and North America; when 
that happened, the undersea island might indeed have surfaced. 


Panay, the westernmost island in the group resting on the 
shallow shelf, is roughly triangular in shape. The northern tip 
of the triangle is the Buruanga Peninsula which extends south- 
ward to a crescent-shaped cordillera that follows the western 
coast for 120 kilometers along a north-south direction. This 
western cordillera is about 24 kilometers wide in the central part 
and tapers toward the north and south. This imposing mountain 
range has an average elevation of 900 meters and reaches its 
highest points in the summits of Mount Mangtud (2049 meters) 
and Mount Madlum (2188). The western edge of this range is 
steeper than its eastern slopes; hence, only a narrow coastal 
plain is found on the western side of Panay. 


Another mountainous region, trending northeast to south- 
west, exists along the eastern side of Panay. This region is 55 
kilometers long and has its maximum elevation in the northeast 
end, at Mount Agudo (884 meters). Volcanic cones and moun- 
tains, like Mount Bayaso (450) adorn the landscape of this eastern 
cordillera. 


The Central Lowland, also known as the Iloilo Basin, se- 
parates the two mountainous regions. The northern part of the 
basin opens toward the Sibuyan Sea while the southern part 
opens toward the Iloilo Strait. A divide in Central Panay forms a 
partition between the two main complex drainage systems of the 
basin. The Sibalon, Narao, Tanian, Jaro and Jalaur Rivers drain 
into the Iloilo Strait; the Aklan and Panay river systems dis- 
charge into the Sibuyan Sea. Jaro and Jalaur Rivers have leveled 
the Iloilo plain. Capiz rests on a deltaic plain built by the 
Panay River. Deltas are also developed in the Aklan River and 
the Sibaiom River. Mangroves and nipa trees thrive on the coasts 
along the Central Lowland. 


Negros, the fourth largest island in the Philippines and 
shaped like a boot, lies between Panay and Cebu. Volcanic moun- 
tains guard the northern and southeastern ends of the island. The 
active volcano, Mount Kanlaon (2488 meters), found in the north- 
ern half, is the highest mountain in the island. Two inactive 
cones, Madalagan (1879) and Silay (1535), lie north of Kanlaon. 
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A complex series of mountains running close to the east coast 
links the voleanic terrain in the north to the inactive Magaso 
Voleano (also known as Cuernos de Negros), 1903 meters high, 
at the southeast end of Negros. The eastern edge of the range 
is steep, so that only a narrow coastal plain was developed in 
the east. The western side slopes gently into a broad western 
plain, which is utilized for sugar production. This fertile plain 
was built with deposits from the volcanoes and rivers that come 
from the eastern range. The southwestern part of Negros con- 
sists of hills and elevated land generally exceeding 150 meters in 
elevation, named the Tablas Plateau after the Tablas River which 
drains it. Mount Malapantao, on the northwest end of the plateau, 
attains a height of 619 meters. 


Tafion Strait, generally exceeding 200 meters in depth, and 
at places more than 500 meters, separates the island of Cebu from 
Negros. The long and narrow island of Cebu has a trend almost 
parallel to the eastern coast of Negros. It has a mountainous 
core that extends for about 160 kilometers along the length of the 
island. This central range reaches its highest point on Mount 
Cabasalan (1018 meters), in the central part of the island. Most 
peaks have elevations below 750 meters. Nestled within the central 
part of Cebu, in Toledo City, the awesome pits of Atlas Consoli- 
dated Mining Company form the biggest copper mine in Southeast 
Asia. 


Only narrow coastal plains are found around the island. As 
in other islands of the Visayas, several elevated marine terraces 
are found in Cebu. Cebu City and Mactan Island are underlain 
by these uplifted marine terraces. The largest plain in the island 
is situated at the northern end of Cebu, around the town of Me- 
dellin. In the south, the drainage patterns of the Argao and Da- 
laguite rivers reflect the influence of underlying rocks and 
structures. The westward development of the Argao river re- 
sulted in the capture of other streams (stream piracy). The 
northeastern coast of Cebu is bounded by the Camotes Sea while 
the southeastern is bounded by the Bohol Strait. Several reefs 
are interposed in the strait, which lies opposite Cebu City, between 
the island provinces of Bohol and Cebu. 


The double barrier reef north of Bohol is a rare feature in 
the Indopacific region. The outer barrier consists of three units, 
22 to 26 kilometers long, separated by narrow passes. The outer 
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reef, with an average width of 2.8 kilometers, is located nine 
kilometers (in the northwestern part) to 22 kilometers (in the 
eastern part) from the shore. The sea bottom drops to depths 
more than 400 meters less than two kilometers beyond the margin 
of the outer barrier. The inner barrier, 5-1/2 to nine kilometers 
from Bohol, is more fragmented than in the outer barrier but the 
central part, Calituban reef, 22 kilometers long and 2.8 kilometers 
wide, is an unbroken single unit. A channel, 3.7 to 6.5 kilometers 
wide with a maximum depth of 37 meters, separates the two 
reefs. The inshore channel between the inner barrier and Bohol 
reaches a maximum depth of 36 meters. The landward portion 
of this channel is fringed with mangroves and mudflats. This 
unusual barrier reef developed because of the favorabie tidal and 
current conditions in the Bohol Strait coupled with the submerg- 
ence of the reef platform. 


Bohol is an oval island whose southern part is mountainous, 
though cut up by deep gullies and gorges. The northern part is a 
region of lower relief with extensive tracts of level land, broad 
valleys and rolling hills. In this area, between Guildulman and 
Ubay, a unique landform developed into almost perfect domes 
resembling mounds of chocolate. The “Chocolate Hills” of Bohol, 
described by Warren Dupre Smith in 1925 as “haycock hills,” rest 
on a level plain about 140 meters above sea level. Three height 
measurements of the hills above sea level are recognized; these 
are at 190 meters, 230 meters and 270 meters. The hills consist 
of limestone, a rock consisting of carbonates like those that com- 
pose the framework of coral reefs. In north central Bohol, the 
land also has a rolling topography; but the rock underlying the 
hills in this section is of a different kind, so that these hummocks 
did not develop into domes like the Chocolate Hills. 


Juan §. Teves, in 1947, suggests that the hills were formed 
during three episodes of uplift of the area as indicated by the 
three levels of heights in the hills. During the early stages of 
uplift, a rolling topography, similar to that in north central Bohol, 
developed and gave rise to the initial shape of the hills. As slow 
uplift continued, erosion also progressed slowly, in this way re- 
taining the initial form and eventually carving out the domes now 
known as the Chocolate Hills. A rare combination of rock type, 
climate, slow earth movements and erosion therefore produced 
the unique and visually pleasing topography in a part of Bohol. 
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Along the south coast of the island of Bohol, limestone hills 
rise abruptly to several hundred meters. Caves were developed 
in these hills as ground water dissolved fractured zones in the 
limestone being elevated by earth movements. The pers! a 
caves near the coast contain guano, a useful raw material fe 
fertilizer. Similar guano-bearing caves are found in Batangas gas, 
Masbate, Mindoro, Iloilo, and Palawan. 


The island of Leyte forms the eastern boundary of 
tes Sea. The 50-meter underwater contour connects 
this island along the shallow Danajon Bank. The 50-1 
tour also encompasses the islands of Biliran and § ¥ 
during the low-water periods in the geologic pa 
would merge into a large one, as did Panay, Masbat 
Guimaras on the Visayas Shelf. 1a 


Leyte possesses a complex topography 
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about 1,300 meters, is found in this range. 
passes through this range. Uplifted n 
high as 150 meters are found in souther 
extension of the range. There are al: 
corner and in the northwest projectic 
Peninsula. This peninsula shows evi 
ments. Marine terraces up to 120 m 
in the area south of Rabin Point. 
and bays on the western side also 
This produced beautiful bays, such 
Bays whose picturesque gateways a 
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covered hills that roll toward a m 
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Tacloban, the capital of Leyte, rests o1 


between the Central Range and the Northeastern hi 
flowing to the northeast and east, originating f 
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toward Burias and Ticao Islands in the northwest and to Surigao 
in the island of Mindanao in the south. 


San Juanico Strait separates Samar from Leyte, and another 
strait called San Bernardino, with a maximum channel depth of 
160 meters, separates Samar from Luzon. Samar, the third larg- 
est island in the Philippines with an area of 13,272 square kilo- 
meters, is the easternmost island of the Visayan Island group. 
Its name, derived from the Visayan word meaning “to cut,” aptly 
describes the topography of the island which is rugged and deeply 
dissected by streams. There is no prominent mountain range but 
mountains that are low and rugged span the island from coast 
to coast. The highest peak, at 896 meters, is in the north central 
part of the island. The most extensive lowland area sprawls in 
the northern part of the island, where hills reaching a height of 
300 meters are found. The northeastern coast is moderately 
sinuous, with delta flats and reefs that protect the shore from the 
onslaught of Pacific Ocean waves. Embayed and irregular shore- 
lines on the eastern coast, in the vicinity of Taft and Dolores 
towns, indicate submergence. The southern part is high and 
rugged in most areas. A peninsula consisting of a coral ridge 
43 kilometers long, 270 to 590 meters wide and 120 meters high, 
projects from the southeastern tip of Samar, south of Matarinao 
Bay. 


The highlands of Samar extend southward into a submarine 
platform on which the islands of Homonhon, Dinagat and Siargao 
rise from the sea floor. Further southward, this platform rises 
to form the Diwata range of Eastern Mindanao. 


The Visayan region, although comprised today of numerous 
islands that are of moderate sizes, contained more extensive land 
areas in the past, during periods of low sea level. An eastern 
range may have connected Mindanao with Luzon but earth move- 
ments and erosional processes, as well as transgression by the sea, 
have broken up this eastern seaboard range. Marine terraces 
are common around islands of the Visayas and these record the 
progressive uplift of the Jand previously submerged. 


Like the island of Luzon, Mindanao, the second largest island 
of the Philippines with an area of 95,600 square kilometers, shows 
a wide variety of landforms. The island may be divided into East- 
ern Mindanao and Western Mindanao. Eastern Mindanao, the 
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the Western part by a narrowing of the land along Panguil Bay 

and Pagadian Bay. Surrounding the island are several marine 

basins—the Mindanao Sea to the North, between Bohol “ = 

island; the Philippine Sea to the east; the Celebes wr: 

South; and the Sulu Sea in the Northwest. The cold, dark - 

abyssal bottom of the Philippine Deep, a trench with a same ; 
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south trend, extends from 4° to 15° N along the eastern —_ 
the island. The deepest part of the trench, at 11,800 
below sea level, lies opposite northeastern Mindanao. — 
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The western margin of the Agusan-Davao val 
eventually merge with the north-south trending Cont 
of Mindanao which stretches for 190 kilometers. This r ze h 
many impressive peaks but the most important one is Mount ie Ape 
in the southern part. The cloud-capped heights of this mountain, 
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a nonactive volcano, reach 2,965 meters, the highest point in the 
Philippines. 


In the Northern part of the Central Cordiliera the western 
side of the range merges with a complex terrain of lakes, volca- 
noes and a plateau called the Bukidnon-Lanao Plateau. This high- 
land is bounded by the irregular coast that forms the southern 
side of the Mindanao Sea. Streams tumbling over the northern 
edge of this plateau form impressive and scenic waterfalls, in- 
cluding the Maria Cristina falls. Also found along the north 
coast are seven levels of wave-cut terraces which reach an eleva- 
tion of 360 meters above the sea. These terraces record the 
uplift of the plateau. Camiguin Island, a volcanic island in the 
Mindanao Sea, may be considered part of the Bukidnon-Lanao 
Plateau’s volcanic terrain, 


The southwestern side of the highland is bounded by the 
Illana bay; to the south lies the marshy plains of Cotabato Valley. 
The broad highlands of the Bukidnon-Lanao Plateau extend for 
170 kilometers in the east-west direction and 130 kilometers in the 
north-south direction. The plateau has an average elevation of 
600 meters above sea level, but volcanic mountains tower above . 
the elevated plain. The volcanic mountains include Mount Ka- 
tanglad (2379 meters), Mount Kalatunga (2285), Mount Ragang 
(2815) and Mount Pinapayungan (2815). A radiating pattern of 
gullies and ravines has been sculptured by streams rushing down 
from these mountains. Nestled within the plateau are the plea- 
sant waters of several lakes, the largest being Lake Lanao. This 
picturesque lake, perched 660 meters high, is 32 kilometers by 
17 kilometers in its longest and widest sections. The lake was 
formed when lava flows dammed a pre-existing valley. The lake 
is drained by the Agus River which has cut gorges on its way 
and cascades into the Maria Cristina Falls before flowing into 
Iligan Bay. The Agus river will further serve the energy need 
of Mindanao when the hydro-electric projects that will harnes: 
the power of the river are completed. 


Cotabato Valley, with a length of 140 kilometers and a max- 
imum width of 85 kilometers, is cradled by the Bukidnon Plateau 
in the north, the Mindanao Central Cordillera in the east and the 
Daguma range in the southeast. Lowlands that surround the 
Sarangani Bay in the southeast may be considered an extension 
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of the Cotabato Valley. The Mindanao River which drains th» 
valley flows to the Moro Gulf to the west through a constriction 
resulting from the convergence of the Daguma Range with th: 
Bukidnon-Lanao Plateau. ‘The Carmen lowland in the bag 
portion of the valley is drained mainly by the Mandaya and 
Malitbog rivers that empty into the Ligwasan Marsh. pe vest 
of this marsh is another swampy area known as the L gan 
Marsh. Numerous ponds are found in this valley; the I é 
these inland bodies of water is Lake Buluan, at a 
elevation, on the southeastern side of the valley, 
underlying rocks have formed several smaller vall 
lowland of Cotabato; these include the Allah, Koi 0 
valleys. ae 


The Daguma Range to the southwest of Co’ 
a northwest trending range with a rugged 
fringed by a limited coastal plain along 
range extends for 180 kilometers from Ila 


northern portion of the range is a pla 
300 to 350 meters above sea level. The 
and mountainous south of Mount Blik ( 
portion of the range is the Kulama 
meters long and 25 kilometers wide v 
of 1400 meters. Caves and rock shel 
used as burial sites by Filipinos of a 
is located in the southern end of th 
1200 meters above sea level, is a c! 


belongs to the same volcanic provine ec 
Lanao Plateau in Eastern Mindanao. 
sists of lofty peaks which are the hi 
Mindanao, namely Mount Dapiak with 
meters and Mount Malindang, reaching 2 2 
level. wo 


The hills south of the volcanic terrain follow a 
to the elongation of the Zamboanga Peninsula. Tht angas 
Kabasalan area, gently rolling hills, mostly around 150 met 
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elevation, form a plateau adjoining the Sibuguey River plain. 
The Zamboanga peninsula has a trend parallel to the elongation 
of the island of Cebu in the northeast. The peninsula has a 
central range flanked hy narrow coastal plains mainly underlain 
by uplifted coral reefs. Zamboanga City is on a small coastal 
plain at the southern end of the peninsula. The shelf south of 
the peninsula under the Moro Gulf is shallow. North of the 
Peninsula, the sea bottom descends rapidly into the abyss of the 
Sulu trough. 


Basilan Island, 18 kilometers south of Zamboanga City across 
Basilan Strait, is voleanic. It forms the northeastern end of a 
chain of volcanic islands that extends to the southwest as far as 
the Sulu Archipelago. The highest peak, Basilan Peak at the 
center of the island, reaches 1011 meters in elevation. 


The Sulu Archipelago, a northeast trending chain of islands, 
stretches for 320 kilometers from the Sibutu island group in the 
southwest corner of the Philippines. The islands of the 
archipelago rest on a ridge that connects northeast Borneo with 
the Zamboanga Peninsula. The ridge rises from the great depths 
of the Sulu Sea in the northwest end of the Celebes Sea in the 
southeast. The archipelago is a double chain of islands. The 
northern chain, consisting of the Pangutaran and Pilas groups 
of islands, is made of coral reefs of low relief undergoing various 
stages of development. Parallel to this northern chain is another, 
which is predominantly voleanic and with associated coral reefs. 
Tawi-Tawi, whose elongation follows the trend of the archipelago, 
is in the southern chain but it has a greater variety of rocks 
compared with the other islands. Tawi-Tawi has a central range 
in the northeastern half of the island. This northeast trending 
range reaches an elevation of 320 meters in Mount Baluksampak 
and 317 meters in Mount Budbas. The largest island in the Sulu 
Archipelago is Jolo which is predominantly volcanic. Bud Dajo, 
an active volcano, lies within this island. Scattered in the 
archipelago are a variety of coral reefs with abundant marine 
life of breathtaking beauty and color. Hanging reefs, atolls and 
table reefs form an underwater wonderland which endlessly 
fascinates scientists, artists as well as laymen. 


Sulu Sea, between the Sulu Archipelago and Palawan, is 
the largest internal body of water in the Philippine Archipelago. 
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The southwestern edge of the basin, within Philippine t 
is shallow with a number of small islands. This area is @ 
active exploration by Philippine oil companies, A 
trending ridge called the Cagayan de Sulu ridge divides the 
into the Northwest Sulu Basin and the Southeast ‘ 
ridge connects the volcanic island of Cagayan de § 
coral islands of Tubataha, Arena, Cavili and Cage 
ridge extends for 520 kilometers from the sot - 
of the Sulu Sea to the southern tip of rine 
Sulu Sea basin is shallower than the other 
reaches depths of more than 2000 meters; the 
the Southeast Basin, on the other hand, v ries 
8800 meters to 4300 meters, with the maxim | 
meters in the northeast corner of the ba 
of the basin is a shelf ‘with aaa 0 
meters; known as the Calamian-Cuyo Shelf, i it 
to 110 meters. It covers the area between f 
Palawan. —s 


The island chain compbising 
the southwestern part of the Ph 
trending ridge between the Sulu $ 
chain rests on a shallow submai 
kilometers from North Borneo 1 
Cuyo Shelf. Parallel to this ri¢ 
western coast of Palawan, is a 
2890 meters is reached west « 
becomes shallower toward Sout! 
and toward the Sunda Shelf in ‘ 
and north of the trough is a t 
The Recto Bank, about 195 ki 
direction and 190 kilometers w 
an area of 37,000 square kilometers. 


The main island of Palawan iS mol 
long but narrow, with an average widt 
coast is irregular, with very narrow 
short distance in the mountainous bac 
island becomes narrower at two places, alo 
Ulugan Bay to Honda Bay and from Island Bay to 1] 
The elevations are generally lower in these ms n 

saddles and necks subdivide the island into roe 
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Southern Palawan, These physiographic subdivisions also reflect 
fundamental differentes in the subsurface rocks. The northern 
part is mainly underlain by ancient metamorphic rocks, the 
central portion by crystalline rocks rich in iron and magnesium, 
and the south predominantly by younger folded sedimentary 
rocks. These differences in the subsurface have resulted in 
different responses to the sculpturing processes of nature. 


Rugged mountains in the northern part have ridges that 
trend north-south, at an angle to the northeasterly trend of 
the island. The mountains plunge into the sea, such that an 
indented coast with drowned valleys are common in Northern 
Palawan. This fjord-like coast of breathtaking beauty includes 
the Malampaya Sound and Bacuit Bay. Mount Capaoas (1021 
meters) towers on the peninsula west of the Malampaya Sound. 
Bacuit Bay to the northeast of the Malampaya Sound is another 
area of dramatic beauty; beside it soaring peaks are capped by 
clouds while cliffs plunge into the cobait sea. Some caves found in 
the limestone cliffs bear prehistoric remains of ancient Filipinos. 
The south end of Northern Palawan is deeply dissected by 
rushing streams. Here too is the prominent point known as 
Cleopatra’s needle, 1593 meters high. The areas offshore north- 
western Palawan have become very important to the Philippines, 
for these have been found to contain vast reserves of petroleum. 
As this is written, several oil fields that can produce 40,000 
barrels of oil per day are being developed. One field, the Nido, 
is currently producing 14,000 barrels of oil per day after having 
produced about 10 million barrels of oil in 1979. 


Puerto Princesa, the capital of Palawan, is in the central 
part where a small coastal plain is protected from the Sulu Sea 
by the Puerto Princesa Bay. The northwest coast of Central 
Palawan has cliffs pounded by relentless waves of the South 
China Sea. The rugged terrain in the central part of the island 
attains the maximum elevation in the Victoria Peak (1727 
meters). 


Narrow coastal plains fringe the Pantangajan Range and 
Pulute Range in South Palawan. The highest peak in the island, 
Mount Matalingajan (2054 meters), is found in the southern 
part. In the northwestern coast of South Palawan are numerous 
cliffs of limestone where caves have formed. Several of these, 
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such as the Tabon Cave and the Guri Cave, contain prehistoric 
artifacts. 


In summary, the Philippines consists of islands adorned | 
a variety of landscapes showing the following predomina ant 
trends: eae 


A. North-south alignment, which includes the Centra: Cor. 
dillera and Zambales Range of Luzon, the Central Range « ‘Min. 
doro, the Central Range of Mindanao, the Diwata — 
Western Cordillera or the Antique Range in Panay, the 
Northern Palawan, the Cagayan Valley, Central Plair 
the Agusan-Davao Valley, the Philippine trench and the XV 
trench. ae 


B. Northeast trend, which includes the t 
Island, Eastern Negros, Western Masbate, Ce 
ninsula, the Sulu Archipelago, part of the Sierra . 
the Cagayan de Sulu Ridge, Palawan trou n¢ 


C. Southwest trend, which is exemplifie 
ninsula and its alignment of volcanoes, the 
the Manila Trench, Eastern Masbate, the 
Range of Leyte and Leyte Valley, and tl 


A fourth trend, mainly oriented eas : 
nent as these three. However, this tre! 


boundary of the san continent, th Pa 
Shelf of Southeast ia and the Sahul She 


This 
Philippine archipelago through vast stretches of be 
duced from the present state of the rocks underlying lands 
Their distribution and structures are represented in the geologi 
map shown among the plates. 


be the subject of the succeeding chapters. 
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The geologic map presents in two dimensions the end-pro- 
duct of geologic processes that have proceeded at a slow, imper- 
ceptible pace over hundreds of millions of years. A few of these 
processes are rapid and catastrophic, like earthquakes and volca- 
nie activity, which often occur in islands that arc and form a 
garland around Asia and Australia. Like the Philippines, these 
islands have trenches parallel to the arcs. 


Many processes, on the other hand, are imperceptible to hu- 
man senses, except through direct measurement made long after 
they began. These are the processes that give rise to the ma- 
jestic splendor of mountain chains, processes that give birth to 
ocean basins and lead to the growth of continents. Mountains 
rise and are eventually levelled while troughs are filled up. Des- 
pite the apparent permanence of the oceans, the seeming stability 
of the ramparts of the Montalban gorge, there is much evidence 
to indicate that the earth’s crust is dynamic and ever changing. 
This is particularly true of the Philippines, which occupies a 
mobile zone of the earth. 


Inasmuch as the temporal framework spans millions and 
even billions of years, it is essential to be familiar with the terms 
used by geologists in subdividing geologic time. The subdivi- 
sions are indicated in the geologic time table shown among the 
plates. The largest units are the eras, which have names derived 
from the nature of life as recorded in rocks. Life began to be 
diverse and abundant at the start of the Paleozoic (after paleo, 
Greek for old and zoe, life) during the Cambrian period. The 
pre-Cambrian eras, Archaezoic (from archeo, ancient) and Pro- 
terozoic (from the Greek proteros, former), contain only sparse 
and simple life forms. Because of the abundance of life in the 
Paleozoic and later eras, this span of time is also known as the 
Phanerozoic eon (from phaneros, Greek for visible). 


The Phanerozoic consists of three eras. Rocks formed in 
the earliest era of the Phanerozoic, the Paleozoic, are found in 
the Philippines. These are mainly exposed in Mindoro, Palawan 
and Buruanga Peninsula, Panay Island. A Carboniferous coral 
was discovered in Mindoro while Permian fossils are found in 
Palawan, Mindoro and Panay. 


Mesozoic rocks (from mesos, Greek for middle) are more 
widespread in the Philippines. These include some Triassic and 


a 
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Jurassic rocks in Mindoro; probable Jurassic rocks in Panay 
and northwestern Luzon; and Cretaceous rocks in off re at 

of Palawan, in the provinces of Rizal and Cebu; in Cars 
Peninsula; and in other areas of the Philippines, | 
tensively exposed rocks in the Philippines, t 
belonging to the Cenozoic era (from Knee 
Included in this era are the Tertiary and ¢ ler 
which are subdivided further into the epochs show 
The epochs of the Tertiary may also be the, 
leogene, which embraces the span of time fi 
the Oligocene, and the Neogene which s : 
cene to the Pliocene. Important d 
rals are found in Tertiary rocks. The Qua 
other hand, contain implements of m 
determined by carbon dating to bet 


The events that took place ir 
man and his ancestors even appeared on 
the rocks whose distribution pa vn 
Different rock types are shown in the m 
more useful, we shall review briefly the re 
shown in the map. 


Rocks are generally s 
and metamorphic groups. 
for fire, ignis) include differe 
as basalt, andesite and dacite w 
of lava pouring out of volcano 
is a molten mass of silicates of § 
potassium and other elements. The dif 
essential differences in the miners 
of the rock. Basalt, for example 
substance used in manufacturing glass, ’ 
is intermediate between these two varieties 
andesite is of widespread occurrence a ig 
appear in rocks of various ages. Mayon V 
of a volcano where both basalt and aniioll 
of volcanism. In some cases, volcanism result te 1 fr 
of the lava and the rocks around the crater or fissure. 
thus formed is called a pyroclastic rock or tuff. The gi 
underlying Manila and surrounding cities is predominar th 


, _—— 
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this type. In the past, it was quarried as the building stone 
called adobe, 


The silicate melt described above may be referred to in 
a more general manner as magma. The magma may cool slowly 
at great depth to form igneous rocks called plutonic (after Pluto, 
the god of the underworld). Variations in composition of the 
magma also result in different varieties of plutonic rocks. Those 
rich in iron and magnesium form the rock called gabbro and 
related mafic and ultramafic rocks (mafic being formed from 
the first syllable of the element magnesium and from Fe, the 
chemical symbol for iron). The mafic rocks have a composition 
similar to that of basalt and are more abundant in ocean basins 
than in continental areas. These mafic and ultramafic rocks 
underlie the Zambales Range, Central Palawan and similar areas 
indicated in the geologic map. Many of these areas were formed 
during early Tertiary time or even earlier, during the Mesozoic. 
Associated with these rocks are deposits of chromite and nickel. 


Other plutonic rocks are richer in silica, aluminum, sodium 
and potassium than the mafic and ultramafic rocks. These 
form the acidic or salic plutonic rocks which include diorite, 
quartz diorite, granodiorite and granite. These rocks usually 
underlie continental areas. Masses of quartz diorite, diorite and 
granodiorite form the core of mountain chains like the Central 
Cordillera of Luzon, the Central Range of Cebu and the Daguma 
Range. Ore deposits of gold and copper are associated with this 
kind of plutonic rocks. 


The appearance on the surface of these rocks formed in 
the bosom of the earth indicates that considerable amounts of 
cover had been removed and that vertical movements lifted these 
rocks from the depths of the earth. The processes of erosion 
wear away rocks that are exposed and the debris is deposited as 
horizontal layers or strata in depressions, basins, troughs and in 
the ocean. Rocks primarily consisting of the debris of erosion 
comprise sedimentary rocks. These rocks may be formed from 
consolidated gravel and are called conglomerate. If the grains 
are sand, the rock is a sandstone and if finer particles are 
cemented, silstone, mudstone or shale is formed. The latter, 
shale, consists of silt and clay which also show fine layering or 
lamination. Many sandstones in the Philippines contain volcanic 
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fragments suspended in a mass of clay and silt, This impure 
sandstone known as graywacke especially common in the Lower 
Tertiary, and its occurrence indicate as its source an area of 
high relief that is being eroded rapidly, giving rise to the mixture 
of sand, silt and clay. The sedimentary rock may also consist 
primarily of chemical precipitates such as limestone (esseiitially 
calcium carbonate, the material found in seashells and coral) 
or chert (mainly silica, the material made into glass). These 
sedimentary rocks contain valuable fuel resources such as coal, 
natural gas and petroleum. Thick accumulations of sedimentary 
rock are preserved under large valleys such as the Cagayan 
Valley, Central Valley, Panay, Cotabato and Agusan-Davao 
Valley, and also in offshore areas in the Visayas, Palawan and 
Sulu. Limestone is soluble and large cavities develop into caves 
which were used as shelter by early man in the Philippines. 
Caves in Palawan have been valuable repositories of prehistoric 
artifacts. 


Also found in the Philippines, especially in Cretaceous and 
early Tertiary rocks, are associated chert, sandstone and ultra- 
mafic rocks known as ophiolites. These rocks are believed to 
originate in ancient island arcs and trenches. Thus, it may be 
inferred that the Philippines had an archipelagie environment 
even in the past. 


Pre-existing rocks may also be transformed into metamorphic 


rocks (from meta, beyond; and morphe, form) by processes — 


involving high temperature and pressure. Some metamorphic 
rocks in the Philippines are associated with acidic plutonic bodies 
as a result of the heating up of the surrounding rocks during 
the injection of the magma into the older rocks. These metamor- 
phic rocks do not show a distinct orientation of the grains 
inasmuch as heat is the main agency which transformed the rocks. 
Economic deposits of iron, gold, silver, copper, lead and zinc 
are found with this type of rock. Other metamorphie rocks 
like schists and gneisses show a distinct orientation of the platy 
and elongate minerals forming the rock. These schists and 
gneisses are found to be older than many other rocks in the 
Philippines. Schists and gneisses form under high pressures and 
moderate temperatures. Like plutonic rocks, their occurrence 
in the Philippines implies vertical movement of large magnitude. 


The metamorphic areas could therefore delineate zones of — 
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mountain ranges that towered in the distant past. These are 
even older than the Permian rocks in northern Palawan. Some 
schists such as those in the island of Rapu-Rapu, off Bicol 
peninsula, contain deposits of base metals. 


Rocks which show planar features wher originally formed 
may be crumpled into folds whose crests form anticlines, and 
troughs, synclines. Some of the islands, like Cebu, are anticlinal 
in origin with the crest rising above the sea. The adjoining 
Tafion Strait, on the other hand, is synclinal with fold and 
deformation depressing the rocks to form 4 trough. Valleys 
such as the Cagayan Valley and Panay Central Valley are large 
troughs that have been filled by sediments. These troughs are 
outlined by the young sedimentary rocks found in the geologic 
map. In contrast, elder plutonic and volcanic rocks protrude as 
mountain ranges. Sedimentary rocks in these mountain ranges 
also show folding. Examples of the intricate deformation are 
shown in cross-sections in the plates. Cross-sections of the valleys 
and the troughlike structure underneath are also illustrated. 


Deformation of rocks may also result in fractures along 
which movement may take place. These fractures are faults, 
and movement of adjoining blocks causes tectonic earthquakes. 
The most prominent fault in the Philippines is the Philippine 
fault, which extends from Luzon to Mindanao. The fault is 
comparable to other large faults around the Pacific basin, such 
as the San Andreas fault in California. The Philippine fault 
is indeed one of the major geologic features found on earth. 
Many earthquakes in recent years are associated with it. Others, 
however, are associated with the movement of the crust beneath 
the Philippine Sea or South China Sea as these crustal masses 
are pushed under the Philippines. Cross-sections of offshore 
areas across Palawan and Sulu are shown in the plates. The 
crust under the sea is thinner than the crust under the Philip- 
pines. A ridge is formed under the Sulu archipelago. 


The record of rocks is not complete. Breaks appear when 
erosion removes exposed landmasses. Subsequent burial and 
deposition over the eroded surface result in an unconformity 
These unconformities therefore may be used in reconstructing 
the ancient geography of the Philippines. They could also be 
used in delineating vertical movements and episodes of mountain 
building. Some of the major breaks in the record of rocks in 
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the Philippine archipelago are: (1) between Jurassic and older 
rocke; (2) between Cretaceous and older rocks; (3) between 
Upper Oligocene and Eocene rocks; (4) between Pliocene and 
Miocene rocks. An unconformity in middle Miocene time may 
be recognized in the Visayas and in the Cagayan Valley and in 
parts of northwestern Palawan. In northwestern Palawan, this — 
is not as widespread as the Pliocene-Upper Miocene unconfo ormity. 
The irregular distribution would be consistent with an <¢ chi D- 
elagic distribution of land and sea. Erosion would remove 
portions exposed along islands while deposition would 
in the straits and channels between islands. as 


> 

An important part of the record of the rocks ar 
which are remains of ancient life, These fossils dc 
changes in life on earth, or evolution. They also indica‘ 
ancient environmental conditions by comparison 1 
conditions. Corals, for example, thrive under 
normal salinity, clear water, warm, tropical condit 
shallow water. The occurrence of cora! reefs bu 
of feet in offshore areas in Palawan therefore 
movements and conditions favorable to the develop 
In addition to these uses, fossils may be used to 


ah { 
— 


In igneous rocks and riotamorpine rote 
no fossils, the ages of these rocks may be 
approximated by measuring the amount of rac 


are pbtaasimt (K) which decays to Argon " 
(Rb) which changes to strontium (Sr). Beca 
rate of radioactive decay, the amount transformed 
is used to measure the length of time since the rock 


measure the ae of time the deposit had been i ote bank. : 


Even without written records, the earth scientist can 
reconstruct events that took place millions of years ago by looking — ' 
at the rocks, their geometric relations, and the fossil content, 
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and by analogy with present conditions. The record of the 
rocks shows that the Philippines has a complex history that 
reaches back to hundreds of millions of years ago. The Philip- 
pines has undergone changes in geography. It has emerged 
from the sea many times, as it has been buried many times. It 
is a site where many geologic processes are active. These have 
endowed the Philippines with rich mineral resources. These 
processes remain active today; hence, volcanoes and earthquakes 
occur, occasionally with disastrous effect. The mineral and 
energy resources formed in the distant past benefit Filipinos 
and other peoples today, as they certainly will in the future. 
Moreover, the subsurface of the earth influences the shape of 
the surface, a fact which has important implications on politics, 
cultural development and government planning. 


The geologic base and the history of the nation are therefore 
important in comprehending the past and, aided by that compre- 
hension, in striving to shape the present and future of the 
Filipino people. A more detailed examination of the geologic 
growth of the archipelago will now be attempted in the following 
chapters. 


Chapter Two 


The Pre-Cretaceous: 


THE STARS, THE EARTH AND 
CONTINENTAL FOUNDATIONS 
OF THE PHILIPPINES 


UL... a limitless expanse of space through which the “soup” 
of primordial matter rode, the universe exploded into existence 
fifteen billion years ago. A respected theory, that of the “Big 
Bang,” postulates the instant of creation as a burst of heat and 
light at temperatures beyond one’s imagination, whose force is 
still felt today as light, electromagnetic waves and the galaxies 
continue to rush away from any given point of the universe. 
Through succeeding eons, the “debris” of the explosion in the 
form of gas and dust coalesced into disks of swirling matter. 
Thus began the stars and the planets. Varying densities pro- 
duced varying conditions. The earth, at first with an inhospitable 
environment, gradually became habitable, nourishing numerous 
life forms that developed gradually from the first algae. From 
plants to primitive vertebrates to man, the imperceptible pro- 
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ceases of metamorphosis and growth are recorded on rocks dating 
back to early eons. In the Philippines are many such rocks, 
which testify to life's mutations and progressions in our own 
corner of the planet. 


IN the beginning, the maker of the heaven and the earth — - 
commanded: Let there be light. And there was light. ~- 


* 
ro 


Scientists venturing into the remote past confirm to sc me 
extent the biblical tale of the world’s genesis. Fifteen h illic on 
years ago, out of that dark incomprehensible distance which was 
the face of the deep, time and history began with a tremi 
explosion. Cosmologists call it the Big Bang. With this 
burst of light, the chemistry and physiology of creation 
Matter and energy, locked in a primordial substance ca 
ylem, had smoldered in limitless space at temperature: 
a trillion degrees centigrade, and at the appropriate 
though upon a command, exploded with infinite force 
universe with light. " 

The echo of this explosion is recorded by the_ 3° Kelvii 
mic background radiation and by the stretching of light 
tromagnetic waves from distant galaxies and stellar ob 
they rush away from our part of the universe. 


Within seconds after the explosion, the tem | 


tute the nucleus of the hydrogen atom. To tl 
the first element to form, remains the most 
the universe. Other light elements formed 
the early stages of the universe while the te e n 
high enough to produce fusion of nuclear ‘pe 
minutes, protons fused to form nuclei of de : 
as heavy hydrogen because it is twice a 
Deuterium is the variety of hydrogen us¢ 
The process of fusion is the source of the 
leased in the hydrogen bomb; it takes place 
and its occurrence in the bomb provides o 
of the process taking place in the interior 
When high temperatures and pressures in 
in a fusion of protons to form deuterium, he 
formed, derived from two deuterium nuclei ‘produ ed 
The early products of the Big Bang are therefore hydr | 
about 22% to 28% helium. These constitute the predominant 
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elements of the sun and other stars. Within a few hours of the 
Big Bang, the temperature dropped below the point of fusion 
so that nucleosynthesis, the formation of elements, did not occur 
again until stars formed. Formation of the heavier elerrents, such 
as those found on earth today, took place during the evolution 
of stars. Elements heavier than iron are formed during explo- 
sions of supernovas, which are spectacular signals of the death 
of big stars. 


Cooling and expansion of the universe continued for the first 
few hundred thousand years after the Big Bang. After about 
700,000 years, the temperature was low enough to allow electrons 
to join protons and helium nuclei to form hydrogen and helium 
gas. 


In the early stages of the universe, the temperatures were 
fairly high and radiation was predominant, preventing gravita- 
tional forces from binding together the gaseous matters earlier 
formed. Within the turbulent mass of this matter, there were ran- 
dom fluctuations in density. When the universe cooled further, 
some of the slightly denser areas in the swirling substance coales- 
ced, and gravitational forces brought these formations together 
into larger units that eventually developed into galaxies. 


Two billion years after the initial explosion, early stars 
formed and began to shed constant light upon the heavens. Some 
of these primeval celestial bodies were immense sources of energy, 
they are detected even today as quasi-stellar objects or quasars. 
Owing to the indescribable force of the explosion, which hurled 
matter in all directions, these objects are still moving rapidly 
away from us, so that electromagnetic waves from quasars are 
stretched, scientists tell us, by more than 450%. The quasars 
are said to be as much as 18 billion years old. 


For the last 18 billion years, therefore, stars have been blaz- 
ing with fire and light—“shining.” Thus, by gazing at them in 
the heavens, we look into the past and read history, literally as 
written in the stars. We see stars evolving, growing old and 
dying in a burst of glory. To describe stars in various stages of 
their evolution, astronomers have used terms that evoke mythical 
beings—red giants, super giants, blue and white dwarfs, and black 
holes. From a historical point of view, the new knowledge in 
astronomy which reveals to us a strange and fascinating universe 
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may be adapted into some of the recurrent patterns in this vo. 
lume—an evolution from homogeneity to diversity, a certain 
rhythm of disruption and coalescence, and cycles of change and 
renewal. 


Our local star, the sun, also follows an evolutionary ft 
It was born from the ashes of another star 7 
billion years ago. Everything in the solar system, ir 
is composed of atoms that were once part of an exploc 1g 
star. After half a billion years, the gases and tot 
star were drawn together once more by gravity ai 
sure from other stars. This contraction of the ga 
formed a protosun that heated up gradually as i 
denser and as pressures within the increasing 
Eventually, the temperatures in the interior re: 
which the nuclei of hydrogen, helium and 
mence to fuse. By this process a solar fur 
were, marking the birth of our sun as a st 
expended on earth—to provide the ¢ dri 


be traced back to that fosinaam es 


expected to continue for more than ty 
The earth and the other er 


oh ad 


large amounts of energy. Within 
motion, turbulences and eddies for 


the sun. Collisions between planets oy: 
them, but collisions between small ones and lar ‘ge 
imbedded the smaller body in the larger body. is 
planetary bodies grew and absorbed the male 

the disk. 
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The process of accretion is still going on today; we see it hap- 
pening whenever we notice falling stars or meteorites. The pro- 
cess, however, was more rapid in the past, during the early stages 
in the life of the solar system, because then there were numerous 
planetismals surrounding the protosun. We still see scars of the 
process in the form of impact craters on the surface of the moon. 
Most of such scars have been erased from the surface of our more 
dynamic earth. 


While accretion was taking place, the early sun also heated 
up the surrounding disk of matter, setting in motion chemical 
reactions and condensations of substances whose composition 
depended on the temperature, which itself varied according to the 
distance from the sun. The solar wind contributed further to 
variations in the composition of the substances within the disk 
by driving gaseous material to the outer and cooler regions of the 
solar system. The consequence of this is that we now find inner 
planets which are denser than the bigger and more massive outer 
planets. It also resulted in an earth whose composition and dis- 
tance from the sun combine to produce conditions conducive to 
the development of life. 


It may be said therefore that the earth, perhaps along with 
other planets in other galaxies still unknown to us, was destined 
to be the birthplace of life, with all its beauty, mystery, com- 
plexity, and occasional irrationality. 


The early earth, however, was not benign and generous to 
life; it was a harsh environment with absolutely no air or water. 
Collisions heated up the planet. The decay of radioactive sub- 
stances further increased the temperature of the early earth, in 
time bringing it to a point intense enough to melt iron sulfides 
and eventually metallic iron and nickel. These heavier sub- 
stances settled into the core, which to this day contains molten 
iron and nickel. Convection currents within the molten core 
produced the earth‘s magnetic field, another life-sustaining force 
in the planet because it shields living creatures against lethal 
radiation from space, 


The formation of the core caused widespread volcanic activity 
which drcve relatively lighter rocks to the surface to form the 
crust. Water, carbon dioxide, methane, nitrogen and other gases 
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were also products of this intense volcanic upheaval. These 
formed the oceans and earth’s atmosphere. - 


The earth then was uninhabitable. The air was with 
oxygen, filled instead with suffocating and noxious gas 28, Th 
temperature on the surface was extremely high, not unlik 
of the present surface of Venus. In time, however, the a 
cleared of much of the carbon dioxide; chemical reactior 
calcium in rocks formed calcium carbonate, the 1 
constitutes seashells. The formation of calcium ¢ 
helped to decrease the acidity of the early oceans. 
of carbon dioxide from the early atmosphere permii 


escape and the earth’s surface to cool down. a 


The building blocks of life formed as | 
violet radiation passed through the atmosp! 
tained methane and ammonia. These accumulé 
oceans and formed an organic soup from > 
Half a billion years after the begining of 
years ago, the conditions here on earth 
emergence and development of life. = 


The earliest signs of life consisted of sin, 
similar to bacteria. Remains of these 
in the Fig Tree rock formation found in 
which has been dated rediometrically to | 
The algae and bacterium-like structu 
panied by hydrocarbons, suggestin 
ready photosynthetic. Additional 
some of the early organisms comes 
from Bulawayo, Rhodesia. This 1 
years old, contains structures simi 

green algae, the slimy organism fo 


The development of photosynth 
portant step in the evolution of life. 
thesis enables plants to utilize sunligh 
food from nutrients in the environment 
of the process. We therefore owe the foo 
we breathe to the miracle in the evolutiona 
place over three billion years ago.  - 


The first few billion years of the earth’s history are 
in the Precambrian, the span of time preceding the ( Camb: 


LOWER 
MANTLE 


Major Divisions of the Earth’s Interior. The mantle (green) predominantly of iron-magnesium silicates 
similar to those found in ultramafic terranes in the Philippines. The outer core (orange) consists 


mainly of molten iron and nickel while the inner core (red) is solid iron and nickel. 
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Cross section across the Lithosphere and Asthenosphere showing features developed in the com 
and divergent zones of continental and oceanic plates. The Philippines is situated along & : 
of convergence. The oceanic crust which is denser than the crust underlying cont 
formed along diverging plates marked by mid oceanic ridges. A trench is formed by Ue oman 
of the oceanic plate with the continental plate. Earthquakes and volcanism character 2e We 
zone of collision. 
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ABOVE LEFT: 

Geologic section through Baruyen River Area, Ilocos Norte. The long and complex history of 
Northwestern Luzon is recorded in rocks that have been deposited since pre-tertiary times. 
Several cycles of deformation, uplift, erosion and subsidence produced the complex geometry 
of the rocks in the area. The discordant boundary betweeen pre-Tertiary rocks and Lower 
Tertiary rocks indicate during Early Tertiary times. Gaps in deposition are also found between 
Upper Miocene and Pre-Tertiary rocks and between Quaternary and Lower Tertiary rocks. 


BELOW LEFT: 

Geologic cross section across Mindanao through the Agusan, Davao and Cotabato Basins. Thick 
sedimants fill Tertiary basins while igneous and metamorphic rocks underlie mountain ranges. 
Young volcanic rocks (red) cover Bukidnon plateau. 

ABOVE: 

Cross section of the crust and mantle of Palawan, Sulu and Celebes. Northwest Sulu basin has a thicker 
cover of sediments with velocities of 1.9 to 2.0 Km/sec. than the southeast side of the basin. 
The crust thickens under Palawan. Subdivisions of the crust and mantle are based on the 
velocities of transmission of seismic waves in Km/sec. Denser rocks of the mantle have higher 
velocities while crustal rocks and unconsolidated sediments are characterized by low velocities. 
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LEFT: 


Map showing the distribution of earthquake 5 yt ithe: ) 
activity in the Philippine Archipelago. A 2. ed 
high concentration of earthquakes may ae E =: 
be correlated with the Philippine Trench, me ee 
Manila Trench and the Philippine fault. | aie *T tee 


The symbols refer to depth (h) of earth- 
quake foci in kilometers. ; 


RIGHT: 

Cross sections across the Philippines along 
7?Nand16°N  [atitudes showing dis- 
tribution of earthquake centers of 
activity. The upper part of the diagram 
shows the outline of the earth’s surface. 
The dots indicate the positions of 


earthquakes. 
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Reconstruction of the continents 300 
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RIGHT: a. 
Reconstruction of Gondwanaland showing 
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PERMO-TRIASSIC CONTINENTAL RECONSTRUCTION 
OF GONDWANALAND AND SE ASIA 


AFRICA 


ABOVE: 
Permo-Triassic continental reconstruction of Gondwanaland and Southeast Asia. This is another > y 


version of the arrangement of Gondwanaland and Southeast Asia. 


RIGHT: 

Cross section of the Recto Bank showing its development from Mesozoic times to the present. The 
present day reefal complex is built on deformed Cretaceous to Oligocene rocks. Data from oil 
exploration show that these ancient rocks are similar to rocks found under NW Palawan. 
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ation of the average temperature during the Cenozoic. The average temperature declined during 
the Early Oligocene. The Quaternary is characterized by large and numerous fluctuations of 


temperature which accompanied glaciation. 
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period which began about 600 million years ago. Most of the 
remains of life in the Precambrian consist of simple plants and 
bacterium-like organisms. The most abundant record of animal 
remains from this eon is preserved in sandstone in the Ediacara 
hills, 450 kilometers north of Adelaide, Australia. These rocks 
cointain impressions of jellyfish, corals, worms and forms which 
have not been classified. The rocks were deposited in the latter 
part of the late Precambrian, a period between 1,400 and 600 
million years ago. During this time two episodes of glaciation 
are recorded in the Late Precambrian rocks of Australia, 


As we attempt to unravel early stages of evolution on earth, 
we find that only a few traces of simple life forms exist today 
and this is because organisms with hard parts were not yet dev- 
eloped at the time. There was not enough oxygen in the atmos- 
phere to sustain more complex organisms. Only metazoa with 

‘low oxygen requirements could survive in an atmosphere which 
probably contained only 3% of the present oxygen level. 


Precambrian rocks have not been demonstrated to occur in 
the Philippines. In addition to the occurrences in South Africa 
and Australia already mentioned, Precambrian rocks form the 
core of continental masses. These are stable units known as 
shields and found in China, India, Siberia, Scandinavia, North 
America, Brazil and Antarctica. Surrounding the shields are 
mountain chains or remains of mountain chains that have since 
been leveled by erosion through the millions of years of geologic 
time. The processes of erosion, along with other geologic pro- 
cesses, have changed the face of the earth. The distribution of 
land and sea has shifted; mountains rise and are leveled, basins 
and troughs are filled; continents grow and are fragmented. As 
a consequence, climates change and these changes may lead to 
widespread extinction of organisms if these are not sufficiently 
adaptable to new conditions. 


Fortunately conditions have thus far continued to be favor- 
able to life even to the diversification of life forms. Remains 
have been found of more complex organisms that lived within a 
few million years of the start of the Paleozoic era which began 
600 million years ago. Included among them are echinoderms 
related to our present-day sea urchin, sponges, corals, worms, 
brachiopods related to the balay (Lingula) which we still find in 
Manila Bay today. The early sea did not contain fishes but it 
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swarmed with trilobites, an arthropod, the group to which ot 
crabs today belong. Snails were already phe same ow 
the end of the Cambrian, a relative of the modern-day 
makes its appearance. In analogy to presenta on 
Cambrian seas must have been warm and conducive 
abundance and diversification of life. 


The complexity of life forms in the Cam 
contrast to the scarcity and simplicity of F 
This suggests that in the transition from 
period there was sufficient accumulation 
phere to support the more complex life 
such as the composition and volume of 
and trace elements indicate that Rie 


across billions of years atl to pres 
generations but at the same 1 ti 


time appear to us a ae sine The 
there are no trees, flowering plants 0 or eV 
Cambrian seas contain no fishes, o 
jellyfish, sponges, brachiopods and | 
presented by an extinct group called tri Jo 


nant during the Cambrian. r= 


The favorable environment, however, ’ 
diversity of life. In the succeeding period, 1 
seas were also populated by colonies, formed Iil 
extinct graptolites associated with other ar 
as bryozoa, brachiopods and nautiloids. | verte 
the ancestor of all organisms with a pen ncluding ma’ 
appeared during the Ordovician. battng 


Evolving through a period of 160 million ye rin 
became more varied, so much so that during rir! P uria 
seas teemed with echnoderms, gastropods, pelycypods and b prac 
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pods. In the Silurian seas flourished eurypterids, extinct arthro- 
pods resembling lobsters with the features of a scorpion. These 
were predators that sometimes grew to more than three meters 
long. The closest relative of the eurypterids among the arthro- 
pods is the horseshoe crab (Limulus), which is common in the 
Pacific from Japan to Sumatra. This marine arachnoid first ap- 
peared in the Triassic. The early vertebrates therefore had to 
protect themselves by developing bony scales to serve as an armor. 
These were the early fishes, which like the modern lamprey, had 
no jaws. 


The first land plants also appeared in the Silurian. These 
were primitive lower vascular plants, similar to some that we still 
see in certain marshes today. By Devonian time, which began 
400 million years ago, some primitive ferns have appeared. 
Fishes become more abundant during this period. The jawless 
fishes decline as the jawed fishes become established. Some 
fishes, like the Dinichthys, become giants, growing to more than 
nine meters long. The fearsome sharks, still common in Philip- 
pine waters, are a primitive group of fishes that first appeared 
during the Devonian. In Northwestern Malaysia and Southern 
Thailand, upper Devonian to lower Carboniferous red beds contain 
small brachiopods, trilobites, ostracods, gastropods and crinoids. 


Some parts of the Devonian world experienced periods of 
aridity. In pools, ponds and streams that dried up, survival 
favored animals that could withstand the loss of water. The 
ability to travel between pools also guaranteed survival. This 
ability may be observed even today in some Philippine fishes, 
such as the martiniko and hito (catfish). The dalag (mudfish) 
can also survive in mud with very little water. The pressures of 
an arid environment led to the development of amphibians dur- 
ing the Devonian. Later, during the Carboniferous, reptiles 
evolved from an amphibian ancestor. 


The remains of the oldest insect, consisting of wing frag- 
ments, come from the lower Pennsylvanian in Czechkoslovakia, 
Germany and Pennsylvania, U.S.A. From this may be inferred 
that insects are the first animals on earth to conquer the air. 
They must have appeared earlier than the Pennsylvanian; but 
during the Carboniferous, the forests provided an environment 
favorable to their rapid evolution, so that during the Permian, 
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19 orders of insects are known, Metamorphosis, the a 

tion of a caterpillar into a butterfly, is a characterises 
by insects in the Permian. This trait, plus the ability to 1 
wings and fly completes the three important characteri: 
oped by insects during the Late Paleozoic. Since the 
important evolutionary step has been a ney 
of insects. Thus, dragon flies and cockros 
tics that have been unchanged for more tl an Hl 
Like man, insects have been able to wey 


organized societies. Although many a 
bothersome, insects are essential to t te 
plants which depend on them to transn 
flower. is 


Lower Paleozoic rocks have not: 
in the Philippines. Upper Camb: 
layan peninsula. Cambro-Ordovic! 
in Northern Thailand. Sedimente 
continued up to the Deroniinaag Rc 
in Borneo. 


The oldest rocks in the Philipp 
phosed rocks (schists and some gn 
by Permian to Jurassic rocks ti 


taceous rocks. These metamo D 
Cotabato and, more extensively 
schists are also found in Cebu anc 


Although these metamorphic 
radiometrically, their occurrence in 
tion and, in some places, volcanism, befo 
Permian to the Cretaceous. aa 


Burial and heat, combined with stres 
pre-existing rocks into metamorphic He * "This i 
place during orogenesis, or mountain-building e' 
tribution of the basement metamorphic rocks pay the F 
may therefore be taken as markers indicating the sites of a 
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mountain ranges formed millions of years ago and since worn 
down by long periods of erosion by streams and other agents. 
Wataru Hashimoto and Tadashi Sato, in 1968, deduced an episode 
of metamorphism, completed before the Middie Jurassic, which 
left rocks in Mindoro on a northeast-southwest trend. In North- 
ern Palawan, the same authors discerned a pre-Middle Jurassic 
metamorphism which influenced rocks older than Middle Permian. 
In the Tayabas Isthmus, Toshio Kimura et al. noted in 1968 that 
the foliation or orientation of platy minerals in rocks of the 
Pre-Cretaceous basement have an eastwest trend. These trends 
record the direction of past stresses which deformed the rocks. 
They may also correspond to the alignment of ancient mountain 
ranges in the Philippines. 


Granites, whose emplacement is related to the cycle of moun- 
tain-building, have been dated in neighboring areas. Early Car- 
boniferous granite is found in Northern Thailand. Permian to 
Triassic granites were emplaced in the Malay Peninsula. The 
granite in Belitung was emplaced during the Middle to Late 
Triassic. In Taiwan, the Tananao schists contain Permian fusu- 
linids and corals. In Northern Palawan, weak metamorphism is 
observed in the Middle Permian to Triassic rocks of the Malam- 
paya Sound group. These conditions are traces left of consider- 
able geologic turbulence in the Southeast Asian region during the 
transition from the Paleozoic to the Mesozoic. 


The oldest remains of life in the Philippines date back to 
the Carboniferous. The fossil that constitutes these remains is a 
coral assigned to the genus Gshelia, although it strongly resem- 
bles corals belonging to the genus Caninia. The specimen comes 
from a limestone cobble in a Late Tertiary conglomerate in Min- 
doro. The presence of the coral suggests that some of the base- 
ment rocks in the Philippines are at least as old as the Carboni- 
ferous. Furthermore, it shows that the climate then was warm 
and that the sea was shailow, with normal salinity. 


Carbo-Permian rocks are also found in Borneo. In the Sudong 
valley, Fusulinids and Calamites sp. (possibly Calamites leioder- 
ma) were used to obtain a dating of the rocks. The calamites 
is a tall, reed-like plant related to the horsetails. It was very 
common in the Carboniferous, the period during which much of 
the coal in Europe was deposited. As already indicated, Permian 
fossils have been recovered from rocks in Northern Palawan, 
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Romblon and Mindoro. The rocks identified include fusulinid 
conodonts and algae. ‘ 


The presence of Permian rocks in the P 
itely established with the discovery of Neosch 
schwagerina in limestone from Carabao” Be 
Schwagerina and Verbeekina from a P 
exposed in the Sipatag River, Mindor 
widespread distribution with the ge 
Parasciwagerina having been found 
Afghanistan, Sicily and the United § 
protists that live in open, shallow, ¢ 
ed and moderate ee 


rate are: Pseudofusulina nate rm ai 

(Schellwien), Schwagerina hat 
ensis Kobayashi, M. claudiae | 
cellina sp., Neoschwagerina cf 
raudi (Deprat), Yangchienia 


fusulinids are Permian calear 
identified by R. Endo: Pynopo 
ophyllum hashimotoi Endo, n. 
hidensis Endo, Gymnocodium 


and Pseudoepimastopora janes 
also indicates shallow marine v 


Island and the Manmegmeg Bay c 
are found in Permian rocks along wi 
gastopods. In Minilog Island, black | 
kina cfr, verbeeki (Geinitz), Parafu: 


Spathognathodus sp., Ozarkodina tortilia, : 
Hindeodella sp. 


Conodonts are tiny, paired, toothlike remains consis’ 
calcium phosphate. Their zoological affinities and fu et 
not definitely known. In the southern tip of South Gunto Is 
also in Northern Palawan, the following conodonts indicat 
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Middle Triassic age were found: ?Prioniodelia prionidellides 
?Neohindeodella uniforma, Ozarkodina tortilis. Traces of radio- 
laria are found in chert located in the same formation where 
these conodonts occur. In contrast with the fusulinid-bearing 
limestone of the Permian, the Middle Triassic rocks indicate 
deeper marine waters. 


During the Triassic, land plants prospered in Southeast Sa- 
rawak; 87% of these flora belonged to the Sphenopsida and 
Pteropsida, which are also found in North Vietnam. The others 
were Neocalamites carrerei, Annulariopsis and Equisetum. There 
are no members of Gingkopsida and Coniferopsida. The plants 
lived in sandy, damp environments similar to our present-day 
swamps and marshes. Hquisetum, commonly known as horsetail, 
has persisted to this day in the Philippines. 


During most of the Mesozoic (up to early Cretaceous time), 
the principal land plants were ferns, conifers, gingkoes and cy- 
cads. The last two types, the most dominant during that age, 
are still found in the Philippines. The cycad is a common orna- 
mental plant (see plate) used in landscaping today. 


Abundant Triassic fossils are found in Timor where almost 
100 species have been described. Included in this rich yield are 
pelecypods, ammonoids, nautiloids, gastropods, brachiopods, hy- 
droza, crinoid stems, worn tubes and plant remains. Extremely 
slow deposition is indicated in shallow waters far from lands 
supplying sediments. Dark limestones also suggest stagnant con- 
ditions. 


In many other parts of the world, the Triassic shows a 
marked difference in living organisms compared with the preced- 
ing periods of the Paleozoic, hence the name Mesozoic for the 
era which starts in the Triassic. Reptiles start becoming do- 
minant. Many Paleozoic organisms become extinct. The first 
mammals appear in the Upper Triassic record, evolving from 
mammal-like reptiles that first appeared during the Permian 
and became extinct during Triassic time. 


Reptiles became larger during the Jurassic and the Creta- 
ceous. Giant dinosaurs, the largest vertebrates that ever lived 
on land, flourished during this time. The plant-eating Bronto- 
saurus measured more than 24 meters from the tip of its nose 
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to its tail. This giant reptile spent its time in 
rivers, far from giant carnivores like the Tyrannosa 


All environments were conquered by the r reptiles 
sozoic. Aquatic reptiles first appeared during the F 
by the Triassic, icthyosaurs that looked like m 
porpoises had already adapted to the marine 
the Late Triassic, long-necked plesiosaurs, © 
attached to the body of a turtle, grew 
length and fed on fishes that inhabite 
giant reptiles, such as the mosasaur, iv 
This proliferation of giant creature: 
land and seas with the sounds of « C0 
to demonstrate the first pein 7 
fittest. 


Reptiles took to the air ‘ah 
attained formidable omen 


Be yc crocodiles lived in tropical tiie ub 
J = No dinosaur remains have yet k eee 
ze put there are Jurassic rocks in 


black shale is interbedded with cark Done 
rock contains Cladophlebis-like plant it 

in Sumagui, Bongabong, Oriental Mindoro, 
Ogura, n. sp. was collected from a float. 
from the Upper Jurassic to Upper Cretacebas in J: 
suggests that land in the Philippines during the } 

tained fern forests. 
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The Mansalay area in Mindoro has yielded a rich collection 
of marine Jurassic fauna containing more than twenty-five genera 
of ammonites, nine genera of bivalves and belemnites. Ammon- 
ites are related to the present-day Nautilus; belemnites are related 
to squids and octopi. Ammonites found in Mindoro include Op- 
pelia fusca Queentedt, Peltoferas arduennemse d’Orbigny var. 
mindorensis de Villa, Streblites, Phylloceras and Lytoceras. The 
last two genera commonly inhabit waters ranging from 80 to 
100 fathoms deep, the infrabathyal zone. 


Bivalves are associated with the ammonites. Pecten and 
Chlamys (Radulopecten?) villai Kobayashi n. sp. are found 
with them; the former is the beautifully symmetrical clam which 
we find in today’s seas and whose picture is a symbol of one 
of the oil companies. Among the bivalves from the Mansalay 
area are Vaugonia (Vaugonia) mindorensis (Hayasaka) Astarte 
(Astarte) mindorensis Hayami n. sp., Myophorella (Promyo- 
phorella) orientalis Kobayashi and Tamura, and Inoceramus sp. 
cf. I. galot Boehm. The last two indicate that Mindoro belonged 
to a Western Pacific province which included Japan and Indo- 
nesia. This faunal province is consistent with other assemblages, 
such as ammonities. Its constituent organisms are in marked 
contrast to the Indo-African province which included Ethiopia, 
the Himalayas and Somalia. A nektonic bivalve, Aulocomyella, 
similar to the species A. neogeae Imlay found in Mexico, is found 
with the other bivalves. 


Other rock formations in the Philippines contain radiolarian 
remains described by W.D. Smith in 19138 as Jurassic Cenospha- 
era affinis Hinde and Dictyomitra tenuis Hinde. 


Drilling in offshore Palawan and the Recto Bank unearthed 
precious information on the plant life of ancient Philippines 
which could be used to elucidate past geographic relationships 
between the Philippines and other areas. The plants that 
yielded this new information are noted here as being similar 
to the flora of Australia and India. Further support is therefore 
given to the suggestion by M.F. Ridd in 1971 that Southeast 
Asia was part of the supercontinent known as Gondwana. These 
assumptions are also consistent with findings on ancient mag- 
netism of rocks which could record the past position of an area 
with respect to the magnetic north and south poles. The results 
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of paleomagnetism of Philippine rocks, dlecueaals furth ir ris 
Chapter 6, indicate that the polar wandering ¢ ve fa ndicated 
for the Philippines, India and Australia follow 8: imil: ik 
in contrast with other areas of the world, = _— 


The floral unity in Palawan and the Recto Bar 
tional evidence of the intimate connection betwe 
which is also indicated by geology, the sequenc 
evidence from geophysics (seismic methods) 
area of the Philippines extending to the F 
the result of an accident of ear. 
as far back as the Mesozoic, 200 mill 
Bank was obviously an integral part. 
land plants during the Mesozoic and b 
rocks known technically as unconforn 
land area of the Philippines include 
Palawan. The complex geological 
Recto Bank, parallel in such details 
of the seas and in rock types, persis 
penetration into the basement that 
Mesozoic sequence will probably yie 
areas extending further back into 
basement rocks may be traced in s 
Palawan to the Recto Bank. In 
aminifera known as fusulinids are 
mentary rocks. The fusulinids : 
Pseudodoliolina sp. and Verbeekina 
Oriental Mindoro, while Verbeekina Sp. 
Panay. 


More knowledge of ancient flora a 
rocks has been derived from several 
western part of Palawan, Cadlao 1 in th I 
Pefiascosa 1, west of Central Palawan, | ; 
cuttings and drill cores have been studic 
Recto Bank, wells A-1 and B-1 have el yi 
of pollen. 


western Philippines during the Jurassic to ‘Early 
Classopollis classoides is identified in Cadlao, ¢ 
the Recto Bank. The pollen genus Classopollis is believed to > com 
prise pollen derived from an extinct gymnosperm, perhaps Ch | 
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lepsis or Brachyphyllum. The gymnosperms are represented in 
the Philippines today by such plants as pines and cycads. Classo- 
pollis is therefore a conifer whose habitat consists of coastal areas 
with dry climatic conditions. This genus was dominant in the 
southern hemisphere during Late Jurassic times. 


In Palawan and the Recto Bank, Classopollis is associated 
with Zonalpollenites dampieri, Podocarpidites sp. Eucommiadites 
sp. and several species of Araucaricites, Cyathidites and Gleiche- 
nidites. Araucariacites australis is identified in the Recto Bank, 
and Pefiascosa. Araucaria, erect and majestic, is cultivated today 
in the Philippines as an ornamental tree. Cyathea is a tree fern 
also inhabiting Philippine forests today. A trunk of the Cyathea- 
type Cyathocaulis yabet was found by Ogura in 1941 in Bonga- 
bong, Oriental Mindoro. Cyathidites minor and Cyathidites aus- 
tralis are found in wells A-1 and B-1 while species of Cyathidites 
are found in Cadlao 1. The long-ranging spores of Leiotriletes 
are abundant in A-1 and B-1 in the Lower Cretaceous section 
while in Cadlao, species of this spore genus is found in the Juras- 
sic to Lower Cretaceous portion. Lycopodiacidites austroclavt- 
dites and Alisporites sp. are found in Cadlao. The latter species 
was also found in Pefascosa; one report identified the species 
as Alisporites thomasii. Cicatricosisporites dorogensis is com- 
mon in Pefiascosa. This species is also present in the Recto 
Bank. It is identified in Cadlao with other species (Cicatrico- 
sisporites cf. autralis, C. cf. geopperti, minor) also found in the 
Recto Bank. Piceapollenites sp. is present in Cadlao and the 
Recto Bank. The presence of Gingkocycadophytus nitidus shows 
that plants belonging to the gingko group were present in the 
Philippines during the Mesozoic. In Pefiascosa, Ezesipollenites 
tumulus, Aequitriradites sp., Cicatricosporites australiensis, Ap- 
pendicisporites tricornitatus are associated with Classopollis clas- 
soides. 


The assemblage just mentioned resembles the Exesipollenites 
assemblage of the Classopollis-Microflora of Western Australia as 
reviewed by Basil E. Balme in 1964. In Western Australia, Clas- 
sopollis is also associated with Zonalpollenites dampieri, Arauca- 
riacites australis, cyathidites, Gleichentidites, and members of the 
families Schizeaceae, Matoniaceae and Osmundaceae. Comparable 
flora are also found in Ceylon and India. Classopollis, Cyathidites 
and a form resembling Zonalpollenites dampieri is described in 
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Jurassic microflora in West Punjab by S. C. D. Sah in 19 
Western Australian forms with Zonalpollenites lar q 
Araucariacites australis are found in the Upper Jt 
Lower Cretaceous sedimentary rocks of India. 
cariacites and Zonalpollenites, based on the work 
in 1956, are noted by Balme (op. cit.) as me! 
ments in the Jurassic of Russia. Although B 
larities between Australian and European flo 

rassic, he considers an important differe 
restriction of “trisaccate, podocak nae lle 
Southern hemisphere and the Indian subcontine 
in the Philippines down to the bese: Jur 1 


cited. 


An important change in the fl ra 
took place in late Jurassic times. - 
and the closely similar C. austr 
found in the Philippines, is also fc 
Union, Western Canada, Marylan 
tribution of the ferns during the 
suggest that humid conditions ° 
sive climatic barriers did not 
gration of ferns could also have 
ing movements that marked the beginn 


There was therefore abundant 1] i 
Jurassic and this included land plan 
During that time, climatological condi 
and uniform, as may be inferred f 


climates covered a wider area ee odee 
and the air temperature decreased 22° C 
polar regions, less than the variance of abou 
Philippines ae to the Indo-Pacific | : 


The sparse but widespread distribution of bas 
morphic rocks throughout the Philippine archip 
that the early life of the Philippines may have passed ug 
a continental stage during the Paleozoic. This continenta I are’ ‘ 
wouid include Taiwan, Indochina, Malaysia and Indonesia. F: 
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the Permian to the Triassic, mountain building resulted in up- 
heavals known as the Indonesian orogeny. 


A possible reconstruction of Southeast Asia is presented by 
Ridd in 1972. He bases this reconstruction on various lines of 
evidence. The succession of sedimentary rocks in Thailand points 
to a land source to the west. The rocks also contain rare frag- 
ments of the plants Glossopteris cf. angustifolia and Palaeovit- 
tare parvifolia which are elements of the Gondwanaland flora. 
The reconstruction takes into consideration geological structures, 
such as faults, and also the continental edge as defined by the 
depth of 1000 meters below sea level. The reconstruction is not 
satisfactory because Australia overlaps a large area of Borneo. 


An alternative reconstruction is given by Don and Maureen 
Tarling in their 1977 edition of a book on Continental Drift. 
Three hundred million years ago, Southeast Asia, Australia, An- 
tarctica, India, Africa and South America formed the supercon- 
tinent known as Gondwana. This closely, resembles the recons- 
truction of Gondwana in the Permo-Triassic times as proposed 
by S. K. Acharyya in 1978. These reconstructions are all consistent 
with the suggestion that the early Philippines was contiguous to 
Australia and India. The similarity in the Jurassic flora of 
Palawan to those of Australia and India suggests that the con- 
nection between these areas may have persisted up to Middle 
Mesozoic times. Paleomagnetic data from the Tertiary of the Phi- 
lippines also support the close relationship between the Philip- 
pines, Australia and India. 


Fragmentation of Gondwanaland and separation of the frag- 
ments eventually brought the continents to their present posi- 
tions. Ancient magnetism of rocks points to a location south of 
the equator as the original position of Gondwanaland. 


There are stiil many problems connected with the unraveling 
of the early history of the Philippines. For instance, the wide- 
spread distribution of basement metamorphics may be the result 
of an ancient landmass that was eroded and subsequently covered. 
The other possibility is that this landmass was broken up by 
succeeding earth movements. The latter is more consistent with 
recent plate tectonic models concerning the evolution of East and 
Southeast Asia, but further studies would have to be made to 
achieve a better degree of certainty about the Philippine genesis. 
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Although the ancient rocks are not as rich in earth res 
as the younger rocks in the Philippines, we still derive h 
from marble formed millions of years ago. Barite and 
are found in the Jurassic rocks of Mindoro. The 
tion is also rich in organic material which, ° 
cumstances, could be converted to petroleum 
potential source rock for the generation of much 
bons. Stratiform and massive sulfide »posits 


which also have the potential of ec 
occurrence of continental-type ma 


Philippines as recorded in r eks. 
ned 4.4 billion years from t 


written on missing, faded 


that all the more sharpen a ati 


Chapter Three 


The Cretaceous-Paleogene: 
EMERGENCE OF OUR 
ISLAND WORLD 


af Philippines began as an archipelago through a period of 
100 million years partly during the Cretaceous and partly during 
the Paleogene epochs. It was a period of great upheavals, both 
in the structure of the earth and in life itself on the planet. The 
world’s flowering plants originated in this period, many of them 
appearing for the first time in Southeast Asia. The reptiles that 
dominated earth life in the Mesozoic soon began to disappear as 
the Cretaceous ended, about 70 million years ago, and in their 
place, from epoch to epoch gradually came new forms of animals, 
this time types with increasing intelligence to cope with the prob- 
lem of nourishment and the demands of survival. Traces of this 
dramatic evolution from the earlier primates, man’s ancestors, 
are found in some areas on the Western Pacific, in rocks which 
suggest that at the time this huge ocean already existed. In the 
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On 
Philippines, rocks of the Cretaceous and Paleogene epochs are 
widespread, containing fossils of the early forms of life that 
thrived in the tropical climate. Studies of these rocks have beer 
both exciting and profitable, yielding a geologic history 7 
by volcanism, mountain building, and plate movements, 


J PERIOD spanning about a hundred milli 
the Cretaceous and the Paleogene embraces — 
nings of the Philippines as an archipelago. Gre 
occur within this period, during which man 
ancestors appear. The land and seas ths 
archipelago went through gradual and sc 
ing transformation that itself influenced 
life. 


found life i in Southeast Asian forest - t 
the earliest flowering plants may have 
region, . 


Reptiles that ruled earth during th 
gonlike dinosaurs and the flying pt 
the Cretaceous period but they 1 m 


that acquired a taste for dinosaur eggs. We 
exact causes of their extinction, which set in ¢ 
their development was reached in the late Jura : 
roaming the earth as a dominant species for a hur dred mm 
years, the great reptiles disappeared, leaving behind onl: ya 
pale facsimiles of themselves today. 
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With the extinction of the behemoth reptiles in the Creta- 
ceous period, the stage was set for the explosive revolutionary 
radiation of mammals in the Cenozoic age, our age. Before this, 
only the remains of small mammals were found in Mesozoic rocks. 
These early mammals were about the size of present-day rodents 
and the arrangement of their teeth suggests that they subsisted 
mostiy on plants. During the Cretaceous period, insect-eating 
mammals appeared and if the deduction stated earlier is right, 
they were dinosaur-egg eaters also. Marsupials, as well as pla- 
centals, grew in numbers toward the end of the Cretaceous age. 


From the insectivores or insect-eating mammals, the carni- 
vores or flesh-eating mammals developed. This development is 
reflected in the shape and arrangement of the teeth. Unlike plant- 
eaters whose food remained fixed and therefore easy to reach, 
the carnivores developed greater intelligence and agility in order 
to catch their prey. The ancestors of the wolves and dogs are 
traced back to the late Eocene age. The ancestors of cats came 
later, during the Oligocene age. 


Many other domestic animals which now serve man or provide 
food for man evolved during this period of geclogic history. The 
ancestor of the horse first appeared in the Eocene age. Camels 
developed in the late Eocene. Elephants have ancestors dating 
back to the early Oligocene period. Pigs descended from Asiatic 
pigs which appeared in that same period. 


The earliest primates were about the size of a squirrel. This 
species lived in Paleocene forests. By the time of the Eocene 
period, primates similar and related to the tarsiers of the Philip- 
pines were already well developed and adapted to living in trees. 
These were man’s ancestors. 


The Western, Pacific faunal province noted in the previous 
chapter suggests that the Pacific ocean existed prior to the period 
covered here. Organisms that lived from the Cretaceous to the 
Eocene ages are found in guyots or submerged flat-topped sea- 
mounts, between the Marshall and Hawaiian Islands. Cretaceous 
corals, a group of clams known as rudistid lamellibranchs, Paleo- 
cene and Eocene pelagic foraminifera are reported by FE. L. 
Hamilton in 1953 to have existed in these guyots. In the Eniwe- 
tok Atoll, Tertiary sedimentary rocks dating back to the Eocene 
age overlie a type of volcanic rock called olivine basalt. 
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Eocene rocks are also found in Guam and on the islands of 
Micronesia. In Spain and Rota, various marine organisms were 
reported by Shoshiro Hanzawa in 1957 to occur with foraminife- 
ra. Among these were echinoid tests and spines, bryozoa, corals 
(Saipania tayamai Yabe and Sugiyama in Saipan), molluscs and 
algae. The latter include the genera Corallina, LithophylWlum, 
Lithoporella, Halimeda and Archaeolithotamnium. These algae 
have aiso been found in Eocene rocks of the Philippines. 


The lithology and biota of the Eocene limestones in Micro- 
nesia indicate tropical waters. The limestones were deposited in 
lagoons and reefs similar to the coral reefs we see today. These 
environments intergrade towards moderately deeper waters, 
especially where there are abundant foraminifera similar to re- 
cent Globigerina ooze. Like conditions prevailed in the Philip- 
pines where we find similiar fossils and rocks. As we shall see 
later, however, there are also differences in other areas of the 
Philippines, which was already archipelagic during that time. 


In the Philippines, marine organisms comprise most of the 
traces of life that existed during this period. Warm climate pre- 
vailed. In some areas by the sea, swamps with plant life became 
the source of coaly sediments and coal fields such as those found 
in the Eocene of Catanduanes. The sea surrounding the Philip- 
pines at that time provided a medium whereby cosmopolitan spe- 
cies could travel. Thus, the presence of some of the fossils found 
in many parts of the world, in Asia, Africa and Europe. 


Cretaceous to Paleogene rocks are widespread in the Philip- 
pne archipelago. The geologic map shows that these rocks can 
be found as far north as Ilocos Norte and Davao in the South, 
and that they are present in areas from Samar in the Bast to 
Palawan in the West. 


Most of the living organisms described from the start of the 
period called the Cretaceous consist of remains of the protozoan 
group called foraminifera. These fossils are found in Hastern 
Rizal, Quezon, Camarines Sur, Catanduanes, Samar, Cebu and 
Palawan. The genus Globotruncana is found in these localities, 
except for Palawan where the genus Gumbelina is reported to 
occur. Orbitolina occurs in Cebu and Catanduanes. In addition 
to foraminifera, algae are found in the Cretaceous rocks of Cara- 
moan, Camarines Sur. In the Tayabas Isthmus, Quezon, the fol- 
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lowing species were found in a sheared zone within Miocene rocks: 
Globotruncana fornicata Plummer, G. concavata Brotzen, G. lappa- 
renti bulloides Vogler, Biglobigerinella multispina Lalicker, Pano- 
malina Caseyi Bolli, Loeblich and Tappan, Planulina taylorensis 
(Casey) Marssonella oxycona (Reuss), Planoglobulina glabrata 
(Cushman) and Meterohelix globulosa (Ehrenberg). The occur- 
rence of Cretaceous foraminifera in younger rocks is a problem 
that still requires further study. 


Similar foraminifera are found in Samar. Three localities 
contain species representing three different stages in the Upper 
Cretaceous. The lowermost and oldest stage, the Turonian, 
occurs in the vicinity of Mayube. Globotruncana helvetica Bolli 
G. schneegansi Sigal and Rugoglobigerina rugosa (Plummer) are 
described by Milagros Reyes and Elvira Ordofiez in 1970. A sup- 
posed Santonian assemblage with Globotruncana concavata (Brot- 
zen), G. renzi Gandolfi, arca Cushman and Rugoglobigerina sp. 
occurs in San Jose. The uppermost or latest of the three is a 
Campanian-Maastrichtian assemblage composed of Globotruncana 
lapparenti Brotzen, G. lapparenti bulloides Vogler, G. stuarti (De 
Lapparent) and Heterohelix globulosa (Ehrenberg); this was 
found in limestone at Calape, Central Samar. The oldest assem- 
blage comes in from a thin bedded limestone intercalated with 
manganiferous sediments and tuffs. In some places, the lime- 
stone has an underlayer of thin beds of chert. The Cretaceous 
unit which is gently dipping rests unconformably on: eroded 
volcanics, 


In the Sierra Madre Range, east of Manila, continuous sedi- 
mentation occurred from the Late Cretaceous to the Eocene period. 
The Late Cretaceous Kinabuan formation conformably overlies 
metavolcanics in Sampaloc, Tanay, Rizal. From this formation, 
Reyes and Ordofiez list 49 species of foraminifera. Conformably 
overlying the Kinabuan formation is a 2000 m. thick section of 
Paleocene to Eocene clastic sediments and black limestone. 
These rocks form the Maybangain Formation. 


Rocks belonging to the base of the Tertiary, the Paleocene, 
had been found in Southern Palawan, and in the Bicol Peninsula 
in Caramoan, Camarines Sur. These rocks were dated by the 
presence of-the small foraminifera named Globoratalia velascoen- 
sis (Cushman). In Palawan, this left-coiling foraminifera is asso- 
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ciated with Globigerina velascoensis Cushman, Nodosaria clavae- | 
formis Neugeboren and several other genera. The fossils found 

in Palawan are also found in the Gulf and Atlantic Coast of the | 
United States, Mexico, Peru and British West Indies. The keeled . 
Globoratalias in Palawan indicate warm water of about 17°C, | 
The sediments and bottom-dwelling species associated with the 
Globoratalia suggest environments at a depth of about 100 meters 
with access to normal open ocean currents, 


Associated with the above foraminifera in Pla an 


tiary of Austria, Cro ae ae Sicily, C 
Persia, Morocco, Alveriaa India, Pakistan, Borneo and Ne 
donia. In the Philippines it is found in Caramoan 
Camarines Sur, Southwestern Albay, Southern Min 
duque and Cebu, in addition to the Southern Pa 
It is often associated with various fore su 
lina, Flosculina, Nummulites and Miliolids. Th 

gests that the limestones in which the fosils 
bordering land masses. They also indicate vari 
waters protected from wind and waves. The e 
be a reef lagoon or the protected leeward side 


In Mindoro, an assemblage of Eocene al 
that the climate in the Philippines was 
Tertiary. The following algae were iden 
ma in 1969: Archeolithothamnium minde 
Lithothamnium cfr. saipenense Johnson, 1 
cfr. aggregatum Lemoine, Mesophyllum 
moine, Lithophyllum cfr., compactum Johr 
son, Corallina minima Ishigime: n. sp. C. ¢ 
Corallina mindorensis Ishijima, n. sp., Jaa 
son and Dasyclad algae. The genus Archa 
its greatest development during the Late Crets 
Today the genus is restricted to warm waters 
ing from less than a meter to 40 meters, 1-1/2 to 
the most common range. Lithothamnium, Lithophyllum, Co 
lina, and Archaeolithothamnium are also found in Eocer ne 1 ; 0 ks 
the Marianas Islands. Lithothamnium cfr. aggregatum Lemoine 
resembles algae found in the Oligocene of Algeria and E 
Corallina cossmani Lemoine is found in the Eocene of Ma ie, 
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and in the Lower Miocene of Martinique while Jania miocenica 
Johnson is found in the Lower Miocene of Eniwetok and the 
Lower Oligocene of Borneo. 


Therefore, as mentioned earlier, the sea was a medium 
through which cosmopolitan, genera were able to find a niche in 
the Philippines. Even during the Early Tertiary, 40 to 70 mil- 
lion years ago, the climate in the Philippines was already tropical. 
In Sabah, it was very warm and arid during the mid-Eocene 
period, such that excessive evaporation in landlocked bays pre- 
cipitated salt with the red sediments of the Kulapis formation. 
F.H. Fitch in 1955 suggests that there was a desert environment 
in that area during mid-Eocene times. This environment could 
have readily extended into the Sulu Sea where anhydrite-rich 
sections are now encountered during offshore drilling for oil. 


Although many of the areas described have swallow waters, 
there are also places where the sea is deep, as on the western side 
of Central Luzon. In the Late Eocene, the Aksitero formation 
was deposited in Tarlac; Pelagic foraminifera such as Hantkenina 
alabamensis Cushman, Globoratalia centralis Cushman and Ber- 
mucez and G. cerroazulensis (Cole) are described by Francisco 
Amato in 1964. The fauna and lithology indicate that the Aksi- 
tero formation was deposited in deep neritic to bathyal environ- 
ment. 


In the Early Tertiary seas in the Philippines, there existed 
a unique giant foraminifera. A fossil of this Nwmmulite-like 
organism was found in Buruanga Peninsula, Panay among lime- 
stone rubble. This enormous protozoan was described by Milag- 
ros Villavicencio in 1966 and she estimates the reconstructed test 
to be 206 mm. in diameter and 88 mm. thick. This surpasses 
the largest Nummulite studied which is Nummulite millecaput 
whose diameter is just a little more than 100 mm. Wataru Ha- 
shimoto in 1969, however, expressed some doubts on whether the 
specimen is of organic origin. 


In addition to the foraminifera and algae, other organisms 
inhabited the Early Tertiary sea in the Philippines. In the Aksi- 
tero Formation, sponges and radiolaria were also reported by 
Amato. In Dasol, Pangasinan, a coral belonging to the genus 
Heliastraea was collected by Paul Fanning who reported this in 
1912. In Marinduque, a sponge-like fossil named Marinduqueta 
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mirabilig Yabe and Sugiyama was found in Upper Eocene ee 
stone. In the same area, a hydrozoan fossil, 1 
simotoi Yabe and Sugiyama, was also collected from Upper Ex 
cene Limestone. Underlying the Eocene coal in Catandua: 
shales with gastropods. Mollusc fragments are also | 
the Caramoan peninsula among Cretaceous samples. Ir 
Mindoro, Eocene sandstones and slates containing \ 
also contain echinoderms and Cardium or Anado 
branches. Cardiwm is the genus of the edibl le 
known as halaan. East of Luzon, in ser d 
contains algae and corals in addition to v 


Although no remains of ancient fish “e 
as crabs and shrimps, have been discovered ye 
flourished in the warm seas and lagoons intl 
the Cretaceous and Early Tertiary ages. ( 
have been a which provided “ debi 
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cient Philippine biology will be — 

development of palynology, the st 
pollen could be used in corsa se 
barren of invertebrate fossils. 


sity of flora observed ave the ] 
preceding chapter, persists into © 
ponents of the floral assemblage, h no 
Angiosperms have now appeared. ' 
wan and Recto Bank, along witht! u 
rocks and seismic evidence, show th 
land areas of the Philippines extended far 
areas. Studies on the pollen buried in r 
meters below sea level show that the flo 
day had already been established during 
Eocene inhibtants of the archipelago saw mangrove 
forests along the shore. Lowland dipterocarp for 
inland areas while the highlands were covered by the 
tane forest and the mossy forest. In contrast to the assem 
found in the Jurassic and Lower Cretaceous, there were a gre 
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many species and genera existing that are related to the plants 
that now inhabit the Philippines. 


Drillings in Cadlao and the Recto Bank show that during the 
Late Eocene and Oligocene ages, various species of Laevigastos- 
porites were predominant. The zone defined by Verrucatospo- 
rites usmensis, abundant in Cadlao, is found also in the Recto 
Bank and its presence indicates a Late Eocene age of the horizon 
in which it is found. Other plants found in the Early Tertiary 
of Palawan and the Recto Bank are Zonocostites romonae, Retit- 
ricolpites cruciport, Verrutriporites lunduensis, Triorites minu- 
tripori, Ephedripites sp., and Psilatricolpites sp. 


Along the shores are mangrove and beach forests supplying 
material which eventually were transformed to coal. Familiar 
plants like agoho (Casuarina), pandan and the fern Acrostichum 
are found in these near-shore environments. At least three types 
of spores of the common fern Pteris are present. A relative of 
the nito (Lygodisporites) has now been found, as well as tree 
ferns of the Cyathea type, found in the Mesozoic of Mindoro, Pa- 
lawan and the Recto Bank. 


Palms also fringed the shores just like they do today. Pol- 
len from extinct species of the genus Nypa, which includes the 
economically useful nipa palm, Spinozonocolpites echinatus and 
S. baculatus, has been recovered from the Recto Bank. Pollen 
of Proxapertites operculatus, another extinct palm, possibly re- 
lated to Nypa, has been recovered from Cadlao and Recto Bank. 
Various species of Dicolpopollis, including Dicolpopollis malesia- 
nus and Dicolpopollis cf. elegans, also inhabited the Philippines. 
These plants show an affinity to Calamus, the genus of way or 
rattan, an important plant used today for making furniture and 
for constructing shelter, as seen in nipa huts. It is also possible 
that Dicolpopollis is comparable to Metroxylon, the genus of the 
sago palm. Pollen of the uniquely shaped fishtail palm, Caryota, 
has been recovered from offshore wells. This palm and the sago 
palm are sources of starch. Discoidities borneensis, which cor- 
responds to Brownlowia or Pentace of the Tiliaceae, inhabits the 
back-mangrove. 


Dipterocarp pollen are recovered from the Eocene in offshore 
wells suggesting that further inland there is a lowland diptero- 
carp forest. Among the genera represented are Canarium, Ant- 
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soptera, Dipterocarpua, and a Palaquium type. The pili n 
longs to the genus Canarium, palosapis belongs to A: 
while alakaak is known scientifically as Palaquium 4 
Kalipaya (Palaquium ahrenianum) is the guttapercha tr 

higher elevations, Dacrydium pollen and Seta 
duced. Also found are pollen of the Lithvcarpus ty 
and Sequoia, “s 


Dacrydium and Floreschuetzia levipoli are r 
Neogene over large areas in the Sunda shelf but tt 
had an extended range reaching to the Paleoge 
Philippines. Many of the pollen species found in Pala 
the Recto Bank are also found in the Cretaceous to Eo 
island of Borneo. As in Palawan and t the Rectc 
elements are found with temperate specie 
lenites and the Alisporites similis in Sar 
inferred that nearby mountain cha ns é 
Among the species found in Borneo ¢ 
pines are heer sp. cf. classot 


wiee sual 


dites borneensis, Peinticheatl 

minor, Gingkocycadophytus nitidus 
Ezesipolelnites tumulus and Arau c 

number of common flora indicates 
Philippines with Southeast Asia ¢ 
There are some slight difference: 
Dacrydium and Floreschuetria levipol 
rawak, Jan Mueller in 1968 notes the 


The tropical elements of the flora 
Southeast Asian neighbors dominated la r, 
and Africa during the Paleogene period ar 
The presence of tropical flora in Br 
Reid and Chandler in 1986. In- the 
pical flora belonging to the following fi 1 : 
Annonaceae (the atis or Custard Apple family), At nae 
(the family of the mango, cashew and the s que 
ceae (the family of kalachuchi or trangipal ie de fa 
scented oleander and tsitsirika or tropical periw ikle), Buxacea 
Burseraceae (the family of pili nut, Canarium ovale Dil illenia 
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ceae (the family of katmon, Dillenia philippinensis), Elaeocar- 
paceae, Icacinaceae (the laurel and cinnamon family), Meliaceae 
(the santol and lansones family), Menispermaceae (moonseed or 
makabuhay family), Myrsinaceae (family of ardisia or pilapil), 
Palmae (the palms), Sabiaceae Sapindaceae (the rambutan and 
lychee family), and Sterculiaceae (cacao and coffee family). Of 
the 70 genera in the London Clay, 97% belong to the families 
mentioned and 61 to 73% show very close relationship to present- 
day Indo-Malesian flora with only 5% related to temperate flora 
of Europe, North America and East Asia. This Indo-Malesian 
flora was widely distributed during the Paleogene. The shores 
of the extensive sea known as Tethys was therefore fringed by 
vegetation closely allied to plants of the Philippines and South- 
east Asia. Michael Zohary in 1973 concludes from its wide dis- 
tribution that this Indo-Malesian flora was also found “quite 
away from the shores of the Tethys.” The flora reached the 
50th parallel during the Eocene but it was driven southward dur- 
ing the succeeding Tertiary epochs. From the Oligocene, there 
was a decline in the tropical elements in Europe and Western 
Asia. Remnants of the tropical Indo-Malesian flora are found 
today in the Middle East and lower Egypt. 


During the Cretaceous and Paleogene, a change in the flora 
in the Philippines was observed. This indicated relationships 
with nearby areas in Southeast Asia. This flora spread to other 
parts of the world and, according to Zohary in 1973: 


A tropical flora of the Indo-Malesian type occupied 
parts of Africa south of the Tethys and considerable 
broad land belts north of it during the Cretaceous. 
There is adequate evidence to support the opinion ex- 
pressed by Chandler (l.c.) and Channey (l.c.) that this 
flora, originating in tropical Asia, advanced in two 
branches along the northern and southern shores of the 
Tethys so that at some time it must have covered prac- 
tically the whole land surface of the Middle East. 


...We do not know exactly when this flora entered 
Africa, but it seems from Chandler’s data to have exist- 
ed in the Upper Cretaceous and the Eocene of Lower 
Egypt. 
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_.This flora became later partly replaced i 
old African xero-tropical savanna flora of tt 
Combretum thorn-bush type, termed be 
(see Monod 1957) the Paleo-African fle 


..The invasion of Africa by the Indo- er: | 
was probably incomplete not oo th 
Guinean region, but also the ¢ 
East Africa, as evidenced by 
Stromer, Hirmer, Chandler an 
From these and similar : findings | 
and Fahn 1959 and oon ished) 


begun shrinking in Afric 


ing the Eocene but climatic chang b1 
the tropical flora in Europe. — 


Thus, during the time bn 
and Eurasia, vegetation origin é 
minant. A tropical climate w 
mangrove swamps, beach fore: 
ed and these conkaieg plants ; 
shelter. 


To further unravel the e 
period, let us now examine i. 
in the Philippines and neighbor 


When we examine the record « 
period of Philippine geological hi 
ance of submarine volcanic rocks suc 
associated with sedimentary rocks su § 
indicative of rapid erosion and depositio: n, 
deposited in a quiet environment. — There see 
plutonic complexes. Towards the end of the ry 
rich igneous rocks such as diorites, and volea 
dacite, were emplaced or extruded as the ease Lit 
stones containing the fossils already discussed were alsc foun 
in some areas. be 
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The early stages of the development of the Philippine archi- 
pelago are therefore characterized by volcanism and an unstable 
crustal environment. The Philippines during this time can be 
presumed to have been shaken by earthquakes and in some watery 
areas, now dry land, the cold, dark abyssal depths of trenches 
were formed. Similar conditions prevailed in nearby Sabah and 
Taiwan. 


Widespread volcanism during this period flooded large areas 
of the Philippines with basaltic rocks. Extrusion of these rocks 
under seawater altered these into greenish rocks called spilites. 
These spilites and other submarine volcanic rocks are common in 
the Central Cordillera of Northern Luzon, including the province 
of Ilocos Norte. These also underline the Sierra Madre Range 
along the east coast of Luzon. In this range and in the Zambales 
Range in the west, we also see ultramafic masses associated with 
the Cretaceous-Paleogene spilites and graywackes. These ultra- 
matic rocks consist of silicates rich in iron and magnesium. 


The volcanic environment can be traced southwards to the 
Bicol peninsula. In Catanduanes, the Yop formation consisting 
of submarine flows, volcanic breccia, diabase porphyry and inter- 
calated chert and volcanic graywackes unconformably overlies the 
Jurassic Catanduanes formation. The Yop formation possibly 
intertongues with the Bonagbonag limestone which is Cretaceous. 
This association of rocks suggests that a volcanic island develop- 
ed on the pre-Cretaceous rocks and these were fringed by lime- 
stone reefs. Similar association of Cretaceous-Paleogene rocks 
overlaying pre-Cretaceous metamorphic rocks are also found in 
Camarines Norte and Quezon. 


As we go further south, we also encounter spilitic rocks in 
Samar, southern Leyte, Negros, Cebu, Bohol and the island of 
Panay. These are also found in many places in Mindanao, such 
as Agusan, Surigao, Zamboanga and South Cotabato. The vol- 
cansim also affected regions in the Philippines as far west as 
North Central Palawan. As in Catanduanes, the faulted and 
folded altered flow overlie unconformably Jurassic parachists, a 
type of metamorphic rock. 


Commonly found in the spilites are beds and patches of red 
chert a rock consisting of silica and siliceous shale. The latter 
rock consists of clayey sediments. This association suggests that 


98 / Tadhana: The Cretaceous-Paleogene 


the basin of deposition was deep and quiet, far below the reaches 
of wave action and far removed from the sources of land-derived, 
coarser clastic debris sediments, 


Also commonly associated with the altered submarine lava 
flows are beds of a variety of sandstone called graywackes. In 
the Philippines, the composition of this rock bears strongly the 
imprint of the volcanic terrains supplying the clastic debris un- 
derlain by volcanic rocks that form fresh additions to the crust 
drawn from the earth’s interior, 


iu 

Where did these ancient mountain ranges lie? The most pro- 
bable sites are those places where there are deep-seated rocks 
such as those found in metamorphic terrains, ultramafic com- 
plexes and also the areas where Paleogene plutons now crop out. 
As noted in the previous chapter, the metamorphic rocks are scars 
of ancient mountains. We could also say the same about ultra- 
mafic terrains, for these are originally formed in the mantle of 
the zone of the earth underlying the crust. Under the oceans, the 
crust has an average thickness of four kilometers while under 
continents, the crust is much thicker. A large uplift is therefore 
required before mantle materials can be exposed at surface level. 


The ultramafic complexes have been exposed to the extent 
of 11,500 sq. kilometers in area or 3.8% of the total land surface 
of the Philippines. These complexes which were emplaced in the 
Cretaceous and Early Tertiary consist of prioditite, dunite, ser- 
pentinite and gabrro closely associated with the spilites, chert and 
graywackes, This association, known as the ophiolite suite, is 
commonly found in orogenic belts, or zones of active mountain- 
building, of other places and other times. Similar complexes are 
found in Borneo where they are thought to have been emplaced 
during the Eocene or earlier. These belts in Sabah can be traced 
to the southwestern areas of the Philippines such as Tawi-Tawi, 
Zamboanga and Palawan. In addition to the outcrops in Zam- 
bales and the Sierra Madre Ranges, there are also occurrences in 
the eastern coast of the Philippines along the Bicol Peninsula, 
in Samar, Homonhon, Surigao and the Pujada Peninsula, Davao. 
A western belt extending from Zambales to Mindoro and Antique 
is also present. 


The close association of ultramafic complexes, having compo- 
sitions similar to the zone called the mantle, with submarine vol- 
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canics and sediments is consistent with the hypothesis that this 
is a sequence of oceanic crust and the upper mantle, The Zam- 
bales ultramafic complex would therefore by a portion of the 
upper mantle while the spilites and marine sediments in Panga- 
sinan and Tarlac would correspond to the overlying oceanic crust. 
This section is now tilted with the top turned towards the east. 


Areas such as this are of great value to science because we 
observe here a cross-section that had been thrust out of great 
depths. Many geological processes such as magnetism and tec- 
tonic movements originate from the mantle. One of the pet 
dreams of scientists is that of undertaking the Mohole project, 
whicn consists of making a deep drill-hole which would pierce 
the Mohorovicic discontinuity and reach the upper mantle. Here 
in the Philippines, the upper mantle is already exposed. A care- 
ful study of these complexes will produce important contributions 
to science. 


Structures within the Zambales ultramafic massifs show 
complicated and sinuous layering which may have been brought 
about by compressional stresses that accompanied the emplace- 
ment of these rocks. These compressive stresses must have ceased 
long before the advent of the Oligocene because undeformed dikes 
in the Zambales massif have been dated radiometrically to be of 
the Oligocene age. An unconformity between the Upper Eocene 
Aksitero formation in Tarlac with the underlying volcanics is 
also consistent with the pre-Upper Eocene age of the Zambales 
complex. 


Siliceous plutonic rocks are found under some ultramafics in 
Coto, Zambales. This configuration is also found in Jose Pangani- 
ban, Camarines Norte and also in the Darvel Bay area, Sabah. 
These could be portions of continentai material thrust under the 
block of mantle material as it was being emplaced. 


The sequence of events in the vicinity of Zambales could 
therefore be summarized as follows: 


1. Building up of crustal material of sialic composition during 
the pre-Cretaceous. 


2. Compression, emplacement and uplift of mantle material 
before late Eocene. 


8. Erosion followed by downwarping. 
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4. Deposition of the Aksitero formation under bathyal con- 
ditions. 


The downwarping also marks the beginning of the Central Valley 
basin of Luzon. 


During the time when erosion was taking place in the west, 
that is, Eastern Luzon, especially along the Sierra Madre Range, 
the area east of Manila was under seawater from the Cretaceous 
to the Eocene, Inasmuch as Cretaceous to Paleogene spilites and 
metasediments can be found under the young tuffs and basalts 
in the Antipolo plateau, Montalban and Eastern Rizal and La- 
guna, it is very probable that under the young volcanic cover 
which forms the foundation of most of Metrc Manila, there are 
rocks which were under the sea during the whole time dating 
back to more than 70 million years. Since then, there were large 
vertical movements that lifted these submarine rock masses to 
form land and the majestic ranges seen east of Manila. 


Further to the East, from Polilio to Catanduanes, there was 
invasion and regression of the sea during this period of Philippine 
pre-history.. An unconfirmity between the Eocene Babacolan for- 
mation and the under!ying Bislian quartz diorite, Lubi formation 
and Masisi schist in Polilio shows that there was land in Eastern 
Philippines by the time the Eocene age began. Similarly, in Ca- 
tanduanes, we find a pre-Cretaceous land surface buried by Cre- 
taceous marine sedimentary and voleanic rocks. Subsequent re- 
gression eventually allowed coal to form at the start of the Hocene 
age. 


A more detailed description of the geologic history of Catan- 
duanes and its adjoining areas can be gathered from this account 
by Victor de los Santos and J. Marvin Weller published in 1955: 


“Pre-Tertiary strata of the Hitoma-Manambrag region 
appear to have been deposited in a rapidly sinking trough 
under conditions suggesting geosynclinal environments. Tiic 


extents of this trough and its relations to contemporaneous 


land are not known but the trough probably was not of great 
size and land probably existed nearby. During Bonagbonag 
time the land was low and contributed little clastic material 
to this region. However, a considerable thickness of deposits 
that formed cherty unfossiliferous limestone did accumulate. 
This epoch was terminated either by uplift of a nearby vol- 
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canic terrain or, more likely, by the outbreak of intensive 
volcanic activity in a nearby region. In either case very rapid 
erosion furnished vast quantities of unweathered basic sedi- 
ments. This material, largely sand, was deposited in shallow 
water far enough from the coast to prevent transportation 
of pebbles. Much of the trough sank rapidly but compensat- 
ing deposition kept it almost full. Conditions, however, were 
unstable; basic magma was injected into the accumulating 
sediments and burst through in places to form submarine 
flows. Locally, parts of the trough were deformed and up- 
lifted and recently deposited sediments were eroded and re- 
deposited. Sand so derived cannot be identified but boulders 
that could not have been transported far are evidences of 
this activity. Some areas were raised and eroded so exten- 
sively that recently emplaced intrusives were laid bare; even 
the Bonagbonag limestone was brought to the surface, and 
bouiders of both kinds of rock were moved short distances 
and buried in fresh sediment. 


“The Pre-Tertiary episodes were terminated by uplift, 
folding, and possibly faulting. The structures developed at 
this time are not known but pressure was sufficient to result 
in firm induration and perhaps slight metamorphism of clas- 
tic sediments and much shearing in limestone. This was 
followed by erosion and the development of a land surface 
probably of moderate relief and rounded contours. Great 
thicknesses of rock seem to have been removed in some areas. 


“The region of Catanduanes subsided in Eocene time, 
and subsequently a variety of sediments accumulated under 
diverse shallow-water conditions. The extent of the result- 
ing basin of deposition is not known, but Eocene deposits 
were formeriy much more widespread than they are today. 
The Hitoma-Manambrag region does not appear to have been 
near sediment-producing land, or nearby land was low be- 
cause of subsidence or extensive previous erosion of the 
region that furnished the sands of the Cabugao graywackes. 
At first, water was very shallow and several slight fluctua- 
tions of sea level resulted in the temporary partial drainage 
of the Hitoma-Manambrag region and the development of 
swamps in which peat accumulated. Slightly more rapid sub- 
sidence produced conditions in which lime mud and various 
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types of animal debris collected and were converted into 
limestone. Reefs may have been built up. Later, land de- 
rived clastic sediments again reach this region; and with 
variations from place to place and from time to time, pro- 
duced a stratigraphic section of unknown thickness in a cor- 
respondingly subsiding basin. This accumulation of normal 
types of sediment furnished by the weathering and erosion 
of the land may have continued constantly or with several 
interruptions until the end of the Tertiary period, or it may 
have terminated any time after the Eocene.” 


Since the foregoing account was published, however, Federico 
Miranda and Bassanio Vargas have added in 1967 something when 
they showed that the Bonagbonag limestone was Cretaceous. We 
may also correlate the sequence of graywackes-submarine volcan- 
ics overlain by shallow sediments—coal-limestone—with the se- 
quence of flysch followed by molasse commonly found in geosyn- 
clinal environments and cycles. The flysch constitutes sedimen- 
tary and igneous rocks deposited during the early stages of geo- 
synclinal evolution whereas the molasse formed after the pulse of 
mountain-building and uplift. The land areas mentioned in the 
account could have been the pre-Cretaceous basement of Catan- 
duanes and of the nearby Caramoan peninsula. 


The foregoing narration of the geologic history of the coun- 
try shows how complex the events were in a limited area of the 
Philippines. These events were induced by geological processes 
that affect broad areas and hence similar complex events pre- 
sumably were repeated in other parts of the archipelago. 


The record of the rocks therefore shows a prolonged period 
of basaltic volcanism which either covered or fragmented an 
older, truncated Paleozoic-Mesozoic land surface. The rocks bear 
witness to a change from a terrestrial environment to the cold, 
dark, abyssmal depths of the sea. These deep troughs are filled 
by lava flows and by sediments derived from adjoining moun- 
tain ranges. Some portions were eventually uplifted again. Along 
shailow areas, algae, corals, sponges and various marine organ- 
isms proliferated to form limestone reefs. Some swamps also 
developed close to the shoreline. 


As mentioned earlier, the mountainous areas may also be 
delineated by siliceous intrusives formed during this period. The 
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oldest intrusive thus far dated rediometrically by the potassium- 
argon (K-Ar) method comes from the Taon River, in the Bislig- 
Lingig area, Surigao. The rock is an altered quartz diorite with 
a radiometric age of 129 million years. If the age is correct, 
this magmatic episode may be correlated with Cretaceous events 
that took place in Malaysia and Indonesia. In the tin fields of 
Phuket, intrusives give early Cretaceous rubidium-strontium ages 
and 56 million years by the K-Ar method. Granitic rocks in Cen- 
tral and South Sumatra and in offshore areas of Java have been 
dated to be 100 million years old. During the Late Cretaceous, 
granitic rocks were intruded in the islands of Tioman, Anambas, 
Natuna and Trung Lon. 


In Surigao, along the Agusan river, a quartz diorite gave a 
radiometric age (K-Ar) of 60 million years. This is close to the 
ages determined from intrusives in the Central Visayas where an 
age of 59.7 million years was determined from Central Cebu and 
a 59 million-year-old intrusive collected from Guimaras Island be- 
tween Panay and Negros. 


In Eastern Luzon, intrusives from the Sierra Madre Range 
in Quezon were dated to be Eocene with ages between 43 to 47 
million years. In Polilio, a quartz diorite is overlain unconform- 
ably by Eocene rocks. Schists in Rapu-Rapu give a K-Ar age of 
42 million years. 


These still scanty data suggest that there were at least two 
groups of magmatic events producing siliceous intrusives during 
this period. The earliest may have been pre-Eocene and could 
have started as early as 129 million years ago. Another episode 
took place 59 to 60 million years ago in the Central Philippines 
and Eastern Mindanao. From 42 to 47 million years ago, the 
locus of plutonic and thermal events shifted to Eastern Luzon. 


Additional data may change or confirm the patterns we see 
today. However, the occurrence of these siliceous plutonic mass- 
es indicates that there were already land areas, perhaps even 
then forming islands like those found now. Some of these Paleo- 
gene plutons have gneissic layering and this could be evidence of 
derivation from older, continental sediments. Contrary to the 
common concept often stated in international literature that the 
major portion of the Philippines consists of basic volcanics and 
sediments and that it is a good example of transformation of 
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is closely associated with the initiation of cold bottom water in 
the oceans as disclosed in another study by J. P. Kennet in 1977. 


This age of intrusions in the Central Visayas during the 
Paleogene could be related to the plate movements at this time. 
Tai-chang Shih in 1978 reported that the crust of the West Phil- 
ippine Basin started to form earlier than 59 million years ago, 
probably at the ridge which was the southern boundary of the 
Pacific plate at that time. This observation is based on the find- 
ings on the magnetic patterns of the sea floor. These patterns 
also indicate that the West Philippine Basin has drifted north 
about 20 to 80 degrees and has undergone a clockwise rotation 
of 50 to 60 degrees since 40 million years ago, the time during 
which the West Philippine “marginal basin” formed offshore the 
island of Polilio. On the Benham Rise, the sea floor is at least 
38.2 million years old as indicated by K-Ar dating of a basalt 
sample from the Deep Sea Drilling Project Site No. 292. Spread- 
ing of the ocean floor continued into the Neogene. Opening of 
the eastern boundary of the basin at about 25-1/2 million years 
ago formed the Shikoku basin. Spreading stopped in the southern 
part of the Shikoku basin 16 million years ago whereas it ceased 
in the central and northern parts after 14-1/2 million years ago. 


The activity of plate movements during the Paleogene is part 
of the global reorganization of plates during the Early Tertiary. 
Peter Rona and Evan Richardson in 1978 noted a change in the 
motions of plates which occurred mainly during the Eocene epoch, 
53-1/2 to 37-1/2 million years ago. At this time, patterns shifted 
from those which predominated during the Mesozoic. Rona and 
Richardson attribute this major reorganization of plates to the 
increasing resistance along east-west trending plate boundaries. 
This would force the system of plates to reorient along lines of 
less resistance. 


The Cretaceous-Paleogene unit affected by the orogenic event 
in the early Tertiary formed the foundation over which younger 
rocks were deposited. In some areas, deformation resulted in 
subsidence, in such a way that Oligocene sediments started to be 
deposited in basins, for instance, in the Cagayan Valley Basin 
and the Central Valley Basin. By the end of the Eocene, the 
Philippines had been transformed into an archipelagic environ- 
ment, a form which has persisted up to historic times. This is 
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the environment which greeted prehistoric Filipinos and our an- 
cestors upon their arrival. In addition to forming the founda- 
tion for younger rocks and providing a source for clastic sedi- 
ments which filled up the troughs and basins formed by the oro- 
geny, rocks formed during the Cretaceous to Paleogene times are 
still important to Filipinos and to mankind because energy and 
mineral resources are derived from them. An understanding of 
the environment and the events in those distant ages will help in 
the search for these natural resources and their development for 
the benefit of the present and future generations of the Philip- 
pines and the world. 


The formation of coal during this time has already been de- 
scribed. In addition to coal, traces of oil and gas are found in 
Eocene rocks of Southern Mindoro and it would not be surprising 
if Eocene and older sediments were to be found containing com- 
mercially recoverable oil and gas deposits. There are also Eocene 
and older reservoirs that are targets for exploration west of 
Palawan. 


In Camarines Norte and Samar, rocks of this period have 
been found to contain a significant amounts of uranium. Devel- 
opment of radioactive mineral resources is vital to the current 
energy program of the New Society. 


The Paleogene intrusives just discussed are the host of vast 
amounts of copper and gold, metallic minerals which are important 
exports, generating foreign exchange and capital essential to vari- 
ous national development programs. 


The largest deposit of copper is found in Cebu where over 
a billion tons of ore have been discovered. Atlas Consolidated, a 
mining company, currently extracts from Paleogene host rocks 
100,000 tons of copper ore with gold, copper and molybdenum as 
by-products. These large reserves and the rate of production 
make Atlas one of the biggest mines in the world. 


In Paracale, Camarines Norte, a Paleogene granodiorite 
forms the host for gold-quartz veins that may exceed one kilo- 
meter in distance and reach a depth of 600 meters. These veins 


are the source of gold which even the pre-Spanish Filipinos mined 
as placers. 
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In the ultramafic rocks, substantial deposits of refractory 
chromite and significant amounts of metallurgical chromite are 
present. Platinum and other noble metals are associated with 
the latter type in Acoje, Zambales. Zambales is the most devel- 
oped area and in this province occurs the biggest reserves of re- 
fractory chromite in the world. The ultramafic rocks are also the 
source of nickeliferous laterites which today are mined for nickel 
in Nonoc, Surigao. Nickel is a new mineral product which has 
joined copper and gold in this decade as an important metallic 
mineral product of the Philippines. In the future, the laterite 
may also become a source of iron which is essential to industrial- 
ization in this modern age. 


Massive copper-lead-zinc-silver deposits are also found with 
the Cretaceous-Paleogene volcanics and their metamorphosed 
equivalents in Bicobian, Isabela; Rapu-Rapu, Albay; Balabac Is- 
land, Palawan; Samar, Pangasinan and other places. Although 
small when compared with the tonnages of porphyry copper de- 
posits like those of Atlas, these deposits have higher copper con- 
tent as well as other metals, in such quantity indeed that these 
may also be mined. Development of these deposits will provide 
sources of other base metals as well as employment for Filipino 
miners. 


Non-metallic mineral resources are also found in rocks of 
this period. Alteration of the ultramafic rocks produced ser- 
pentine or asbestos. Some masses have metamorphosed into tale 
schists. Metamorphism of limestone provides sources of marble. 
Construction material is also derived from the Eocene black lime- 
stone, 


It is therefore obvious that events that took place more than 
40 million years ago relate to current events and affect programs 
for the future. These resources are non-renewable and it re- 
quired a special set of circumstances for these uncommon earth 
resources to form. The Philippines is fortunate that events in 
the Cretaceous to Early Tertiary times led to favorable accumu- 
lations in some areas. These are part of a national heritage that 
we must utilize wisely with the needs of future generations al- 
ways in mind. 


The Cretaceous to Early Tertiary period just covered here 
spans more than 90 million years. Reptiles give way to mam- 
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Chapter Four 


The Neogene: 


THE VARIETIES OF LIFE 
AND NATURE'S TREASURES 


ii of accelerated evolution and diversification came 
toward the middle of the Cenozoic era, 25 to 40 million years ago. 
During this time mammals rose to dominance over earth’s life 
forms. In many countries evidence of the earliest species in man’s 
ancestry is found in rocks 10 to 25 million years ago, although 
in at least one country, in Egypt, svmilar evidence has been found 
in fossils dating back to 30 or 85 million years ago. In that time, 
the middle of the Cenozoic epoch, the environment was favorable to 
the further development of man’s first forebears, which conse- 
quently spread throughout the planet. Tectonic events brought 
changes both in climate and in habitat, demanding the develop- 
ment of greater intelligence and agility among man’s ancestors. 
At the same time, various other mammalian forms, both marsupial 
and placental, evolved and proliferated. Some of these have be- 
come extinct, or are a dwindling species; many are still around, 
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a great number of them in the Philippines, where 
have deen found, Fossils of various forme of 
molluscs to sharks, also abound in the Philippines 
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favorable and they were able to spread out 

million years. By Miocene time, the dryoy nite | 
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temperature characteristics during the Cenozoic may be gathere 
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from the plate entitled “Variations of Mean Temperature during 
the Cenozoic.” Along with the changing climate came a transfor- 
mation in habitat, from a subtropical forest to temperate wood- 
lands and woodlands savanna. At about this period, 10 to 15 
million years ago, as the fossil record shows, the dryopithecines 
gave rise to three other genera — Sivapithecus, Gigantopithecus 
and Ramapithecus. Among these, Ramapithecus, which was first 
found in the Siwalik Hills of Northern India and named Rama’s 
ape, has shown the greatest similarity to later hominids. 


The wooded savanna which replaced the tropical and sub- 
tropical forests did not provide adequate food supply. This 
exerted an environmental pressure favoring the survival of indi- 
viduals capable of alternative food gathering. Thus, tree dwellers 
were driven to the ground in search of food. These environ- 
mental pressures persisted through the Pliocene during which 
other hominids appeared. Man’s evolution will be covered in 
greater detail in Part 2 of this volume. 


The mammals contemporaneous with these ancestral primates 
were different from those with which we are familiar today. 
Marsupials occupying North America were pushed southward by 
placentals that migrated from Asia along land bridges connect- 
ing these two continents. From South America, these mammals 
reached Australia through the Antarctic. During the Neogene, 
the major group of the Australian marsupials was established. 
Gigantism occurred, making possible the growth of a kangaroo 
to a height of more than three meters, but this disappeared be- 
fore the Pleistocene. 


Among the placentals, evolution and diversification also 
brought about changes in the predominance and proportion of 
different groups. The odd-toed mammals or perrisodactyls, to 
which the horse and rhinoceros belong, started to decline during 
this time. A primitive perrisodactyl, the tapir, was more widely 
distributed during the Mid-Cenozoic but later glaciation pushed it 
southwards. The tapir is now confined to Malaya and South 
America. 


The ancestor of the horse which was the contemporary of 
the dryopithecines and Ramapithecus was a dwarf compared with 
the modern-day Equus. The well-documented evolution of the 
horse shows several trends. These include an increase in size, 
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changes in the teeth, lengthening of the face to accommodate 
changes in the teeth, lengthening of the legs, a decrease in the 
number of toes, and an increase in the complexity and size of 
the brain. From the Hyracotherium or Hohippus that was the 
size of a small dog when it appeared in the Harly Tertiary, the 
three-toed Miohippus developed. From the Miohippus, several 
three-toed grazers developed including the Mercyhippus which was 
about as big as a pony. By Pliocene time the Pliohippus, which 
had a single toe, evolved from the Mercyhippus. This Pliocene 
horse is the direct ancestor of the modern horse which appeared 
in the Pleistocene. This beast of burden, which has piayed an 
important part in the military, agricultural and other domestic 
activities of man, has a lineage that goes back to more than 60 
million years ago. 


Another perrisodactyl, the rhinoceros, also had a dwarf an- 
cestor. However, during the Oligocene and Early Miocene, the 
Intricotherium, more than five meters tall, evolved and its re- 
mains are found in South Russia, Baluchistan and Mongolia. 
Unlike the modern rhinoceros, these did not have horns. Various 
one- and two-horned rhinoceri appeared during the Miocene. 
Some representatives of this type reached the Philippines sarge 
the Pleistocene. 


As the perrisodactyls deciined, the artiodactyls or odd-toed 
mammals diversified and became predominant in the plains and 
forests of the Neogene. Some of the early forms were small 
with, however, indications of increasing in size as evolution prog- 
ressed. Early elephants were even then already large. Instead 
of the two tusks of present-day elephants these elephantoids had 
four tusks. The Mastodon, abundant during the wars , = 
appeared during the Miocene. Elephants were found in the Be, 


Philippines during the Pleistocene. "4 


The artiodactyls include cattle, goats, and sheep, animals that 
are important sources of food and clothing material. These first a 
appeared during the Miocene but their diversification began only _ 
in the Pliocene. They are now the most abundant and varied 
among the mammals. 


The carnivores preyed upon the other mammals. The mod- 
ern-day carnivores evolved from the early miacids which ra- 
diated into three branches, one cat-like, another dog-like and the 
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third in the form of marine carnivores, like the seal and walrus. 
During the Miocene, the dog family branched out to merge with 
another group, becoming heavier and shifting towards a less 
fleshy diet. This group evolved into the bears and pandas. The 
cats, on their part, had become very efficient carnivores even 
during Oligocene time. Development of long canines resulted 
in the saber-tooth types which evolved during various stages 
of the Cenozoic. 


Numerous descendants of the early miacids are found in 
the Philippines today. Skunks, otters, and mongooses are found 
in Palawan; the weasels in Palawan and the Sulu Civets and 
wild cats show that there has been a wide distribution of these 
animals in Philippine forests. 


Geologic events that affected climatic patterns also re-arrang- 
ed the biogeographic provinces of the sea. Oligocene diastrophism 
resulted in the breakup of Tethys, the ancient sea which girdled 
Eurasia and Africa. The Oligocene event separated the western 
portion of Tethys from the Indo-West Pacific province. The 
land bridge through which marsupials migrated to South Ameri- 
ca disappeared for most of the Neogene, thereby isolating South 
from North America and connecting the Eastern Pacific with the 
Atlantic. This land connection was reestablished during the 
Pliocene and once more, the two oceans became separated. 


As the unfolding of the symphony of life progressed, some 
forms survived, others became extinct and new ones appeared. 
In the Paris Basin, the proportion of marine invertebrates, espe- 
cially the molluscs, surviving today was correlated by Charles 
Lyell in 1833 with the age of the Tertiary rocks in the basin 
Lyell originaily subdivided the Tertiary into the Eocene, Miocene 
and Pliocene, with the Eocene fossil fauna having only 1-5% of 
recent species; the Miocene, 20-40% ; the Older Pliocene, 50-90%; 
and the Newer Pliocene, 90-100%. The term Pleistocene was 
subsequently introduced by Lyell for the Newer Pliocene. 


The applicability of the Lyellian percentages to the Philip- 
pines was tested in 1921 by Roy Dickerson. At that time the 
percentages system as proposed by Lyell and G. P. Deshayes came 
out as foilows: 
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Epoch 
Eocene 
Oligocene 
Miocene 
Pliocene 
Pleistocene 


Dickerson studied the molluscan fauna of the ioc 
in the Bondoc Peninsula, Tayabas a 
the 98 forms that were specifically ¢ 
living species, with the extinct formula 1e 
to the Upper Miocene of Java. bse: ) — 
Placuna placenta Linnaeus, the s y) of: 
panes and as various ornaments, vimtor - 

the Miocene of the Bondoc P la. The: 
shells (see the list in the appendix) in th 
cowries (locally known as sigay), 
pecten, and tritons. Corals and ech vol 
the molluscs. Some localities i 
only a few specimens which 
crabs that sidled over the sanc 
fied wood and carbonaceo 
Other localities, however, 
shallow inshore waters of 


Many geologists and } 
rocks in the Philippines d 
recognized a faunal dniees 1 
spread far apart. The resem 
to use the term inte a 
rocks were found in the north 
and as far south as Cotaba 
tooth found in the Bulalacao Peninst 
identified by A. N. rystaforl c 
The tooth of a large shark is the ea: 
Philippines. It is found in beds in the 
those in which comparable sharks’ tooth 
and the Western United States. 

It should be noted that the percentage of surviving 
in the Vigo fauna is much higher than the compar: ple peres } 
applicable to Europe. This can be explained by the 
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and tropical conditions that have prevailed in the Philippines 
since the Tertiary. A great variety of habitat could provide 
shelter to species migrating from the higher latitudes that pro- 
gressively became colder. 


The Lyellian percentages of Neogene molluscs in Panay show 
a different pattern. The study by Tsugio Shuto in 1969 covered 
five assemblages ranging from the Mio-Pliocene to the Plio-Pleis- 
tocene. A total of 136 gastropods were described systematically 
in the study and at least 20 bivalve species were found. The 
Lyellian percentages determined by Shuto are as follows: 


Locality Percentage Living Age 
Gastropod Bivalve Total 


SKGS — 71 56.7 57.1 56.8 Early Late Pliocene 
SKGS — 72 50.0 0 36.3 Pliocene 

SKGS — 73 57.5 76.9 63.0 Late Pliocene 
SKGS — 74 31.4 50.0 33.7 Late Miocene 
SKGS — 75 44.4 = 44,4 Mio-Pliocene 


The sample sizes of localities SKGS-72 and 75 are insufficient 
for reliable age determination and interpretation of the ecological 
conditions. Except for the ratio of surviving bivalves in SKGS- 
73, the percentages of surviving species in Panay are signifi- 
cantly lower than that determined in the Bondoc Peninsula. It 
would therefore be important to restudy the Vigo group in Bondoc 
in view of this discrepancy. 


Shuto also interpreted the ecological conditions prevailing in 
the Upper Miocene as deriving from the Pliocene basin of depo- 
sition in Panay. SKGS-71 was underlain by a sandy silt and a 
silty sand bottom inhabited mostly by species abundant at 10 to 
30 meters depth. Exotic elements from shallower waters were 
deposited by turbidity currents whose velocity was less than 40 
cm/sec. During periods of weak current, the velocity went down 
to less than 1 cm/sec. In contrast to this locality, SKGS-73 
is underlain by a fine sandy bottom. Species that are most com- 
mon inhabit areas with 10 to 20 meters of water depth. A few 
brackish species are found but the waters were probably 20 
meters deep. During weak phases of the current, the velocity 
was 0.5 to 2.3 cm/second while during strong-current periods, 
velocities of a few tens cm /sec. were reached. The fossils in 
SKGS-74 have populations that commonly inhabit depths of 
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20 to 30 meters and 200 to 800 meters. The environmi 
preted to be deeper than the other two localities, perhi 
deep shelf edge where the environment of the two fos 
tions may overlap. a 


The occurrence of intermittently strong 
that tens of millions of years ago, the Philippi 
also buffeted by storms and shaken by 
triggered the release of turbidity ct rre it 
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under the sea and adjacent 1B the v 


interested in the interplay of the 
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is reconstructed by Albert V. Caro 
Victoriano P. Ocampo who studied 
Their model is shown in plates shov 
reefs in the Visayas where a varied “sedimente 
be noted. Fringing the land areas are 
swamp, tidal flats and beaches. In hiner viro 
the weathering and erosion of the vole 
over carbonates. These clastic mate as 
mains of echinoids, gastropods, thin plecrodne 
worms, sponge epicules, ostracods, some rare Mil: liolids $ 
Texturarids and plant material. The shoreface env: on! 
presents the transition between clastic and carbonate depo 
In the seaward direction, the lagoonal environment follows. 
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environment is the most complex of those found in this model. 
Foraminiferal and gastropod banks are found with finger corals 
and patch reefs. This environment intertongues with the back- 
reef environment found behind the main coral-red algal reef 
barrier. The latter is a complex framework of corals, algae, 
bryozoans and foraminifera. Its zone facing the open sea is 
broken by waves to form the fore-reef talus environment. In 
places, tidal channels cut across the main reef barrier and throuch 
these channels, the fore-reef apron environment is connected with 
the back-reef environment. This zone is where deeper water 
pinnacles develop. The rapid vertical growth of pinnacle reefs 
allows them to keep pace with basin subsidence. The deeper wa- 
ters stretching seaward constitute the open marine environment. 


The model shows the variety of environments available to 
species migrating from other areas. The sedimentary landscape 
is complex because of the tectonic instability of the Philippines 
during the Cenozoic. Rock types show considerable variation 
laterally, making stratigraphic correlation difficult. Basin subsi- 
dence during the Miocene favored vertical buildup of reefs near 
the edges of the basin. 


This model is not unique to the Philippines. Pleistocene 
reefs in Barbados show similar features. However, instead of 
island arcs as the source of sediments, the reefs in Barbados are 
adjacent to an older carbonate terrain. 


Land areas in the Neogene tropics presumably supported 
forests which have a complex and stable ecology. Remains of a 
dipterocarp forest are found in the Pliocene rocks of Sagada, 
Mt. Province. Warren Dupré Smith in 1915 collected plant im- 
prints which Elmer D. Merrill identified. The living forms in- 
cluded Shorea polysperma (tangile), Shorea guiso (guijo), Ani- 
soptera thurifera (palosapis), Callophyllum blancoi (palomaria) 
and Diplodiscus paniculatus (balobo). The maximum development 
of the dipterocarp forest takes place below 700 meters. The 
remains were found at 1,500 meters elevation in an area occupied 
by a mid-mountain pine forest. The fossils bear witness to an 
uplift of several hundred meters since the Pliocene. 


In Marianas, Agatis cones are found in lignite beds of the 
Airai formation which is dated as either uppermost Pliocene or 
lowest Pleistocene. Agatis, known locally as almaciga, is found 
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Lower Miocene: Florschuetzia trilobata, F. semilobata, Dicolpo- 
pollis sp. Retistephanicolpites williamsi (pollen thought to 
be derived from the species Ctenolophon parvifolius), Stria- 
tricolpites catatumbus, Spinozonocolpites echinatus. 


Late Middle Miocene: Florschuetzia trilobata, F. meridionalis, 
Spinozonocolpites echinatus, Discoidites borneensis. 


Upper Miocene: Florschuetzia meridionalis, Spinozonocolpites 
echinatus, Discoidites borneensis, Zonocostites ramonae. 


These plants come from the back mangrove environment. 


In the Pliocene, spores of the fern Stenochlaena laurifolia 
appear in sediments of Borneo and the Sunda Shelf and this 
disappears during the Quaternary. Another fern, belonging to 
the same genus, Stenochlaena areolaris, first occurs in sediments 
of the Lower Miocene and disappears during the Pliocene. These 
are related to the fern known locally as diliman (Stenochlaena 
palustris). All three ferns are still found in the Philippines and 
New Guinea today. It will be recalled that Verrucatosporites 
usmensis, the spores of diliman, are found in Paleogene sediments 
in the Philippines. 


Some of the pollen found in the Miocene-Pliocene are repre- 
sented in the plant remains found by Smith in Sagada. Others 
like Casuarina, Acrostichum, Dicolpopollis and Avicennia are 
inhabitants of nearshore environments like beach forests and 
mangroves. The mangrove environment is also found in Borneo 
and presumably other areas in Southeast Asia. The floral zon- 
ation established in the Paleogene and found even today must 
have persisted in the Neogene. In Europe, the tropical Indo- 
Malesian flora predominant in the Paleogene are driven south- 
wards as the climate became colder. North Africa and Southwest 
Asia became drier during the Pliocene, thereby stimulating the 
spread of desert flora. 


The distribution of plants and the presence of Asian temperate 
flora in Southeast Asia also indicate land connections linking 
Southeast Asia and the Mainland during the Neogene. According 
to Dr. Robert Morley in 1977: 


i190 / Tadhana: The Neogene 


“An important pollen source in Southeast Asia are mon- 
tane areas. Many montane taxa are wind pollinated 
and produce very large quantities of pollen which may 
disperse over a wide area. Muller (1966, 1972) recorded 
the common occurrences of a number of pollen types ex- 
hibiting Asian temperate affinities from the Oligo- 
Miocene of Borneo. These include Abies, Alnus, Ephe- 
dra, Picea, Pinus and Tsuga, none of which could have 
developed in Southeast Asia without the existence of 
direct land connection with Continental Asia. These 
pollen types are very common in the Oligocene and Lower 
Miocene of the Sunda Shelf, and suggest that montane 
areas of moderate elevation were formerly much more 
extensive in the surrounding region than at present. 
The occurrence of former montane links between South- 
east Asia and the Asian mainland has been suggested 
previously from biogeographical reasoning by van 
Steenis.” 


Land connections between the Philippines and Asian mainland 
during Early Tertiary times had also been suggested by Dicker- 
son in 1924 and 1928. 


Conifers existed in Borneo and Indonesia during the Neo- 
gene. Jan Muller in 1973 found pine pollen in sediments up to 
the Pliocene. This indicates that the climate and topography 
of the islands to the southwest of the Philippines were suitable 
for temperate flora perhaps similar to the environment and 
flora now persisting in the Central Cordillera of Northern Lu- 
zon. Changes occurring after the Neogene resulted in the ex- 
tinction of the temperate flora. 


There are therefore a great variety of environments and 
diverse life forms in the Philippines during the Neogene. Such 
diversity may have existed prior to this period of time but older 
rocks are not yet as extensively studied as rocks in the Neogene 
which are being explored and developed for coal, oil and gas. 
Many of the marine shells which are found in Lower Miocene 
rocks are still found today. Occurrences of oysters, Mytilus or 
mussels known locally as tahong, cowries and ark shells are 
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reported by various paleontologists and geologists. Even the sharks 
preyed on the abundant life thriving in Philippine waters. 
Worms, corals, algae, foraminifera, sea urchins, bryozoa and 
presumably crabs and a plethora of fishes were found in what 
was called by earlier writers as the Vigo Sea. On land, mangrove 
swamps fringed the beaches and tidal flats and farther inland, 
tropical forests provided shelter for birds and other animals. 
Storms swept down some trees and triggered turbidity currents. 
These are recorded by remains of petrified wood in beach environ- 
ments and in the presence of “exotic” elements in various marine 
environments. 


The terrestial organisms covered land which resulted from 
the orogeny and uplift during the Oligocene. This event exposed 
older rocks and removed these by weathering and erosion. 
Mountains were formed. Continued deformation of the crust 
resulted in eventual subsidence of a large portion of the Philip- 
pine Archipelago and the invasion of the land by the sea. More 
than half of the land area of the Philippines became covered 
by the Neogene sea and the sedimentary deposits formed during 
that time now underlie about 55% of the land area of this country. 
Taiwan in the north and the Brunei-Sabah area to the southwest 
have also been affected by the Miocene transgression of the sea. 


An example of the progressive encroachment or transgression 
of the sea on the pre-Miocene land surface can be seen in the 
paleogeographic map constructed by L. B. Christian in 1966 and 
reproduced in the plate labelled as a worm’s-eye view map. 
As subsidence of the Cagayan Valley basin increased, areas 
covered by younger marine rocks became progressively larger. 
The edge of the sea crept eastwards toward the Sierra Madre 
Range which presumably was land during the Neogene. During 
the Early Miocene, the deepest part of the basin was near the 
edge of the Central Cordillera of today. However, the middle 
of the basin shifted eastward. The eastward movement of the 
axis of the basin is illustrated in the plate that follows the 
worm’s-eye view map. Deposition of sedimentary rocks from 
the start of the Miocene resulted in a thickness of about 12 
kilometers of the sedimentary rocks. Without this sedimentary 
filling, the Cagayan Valley would today be a deep sea trench. 


Subsidence of 12 kilometers over 25 million years would 
give an average rate of subsidence of about 0.5 mm/year, a rate 
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of that velocity is rapid for geological p 
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supply of clastic debris and to remaii 
amount of uplift of the Pliocene 
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subsidence. 


With the migration of the basin axis ar 
Cagayan Valley basin through tim : 
of the sedimentary landscape also 
the idealized cross-section showing 
Caagusan’s study presented in 1977. 
grades laterally to the neritic envir 
fluvio-marine environment, The ner 
is later transformed to a lagoonal er 
Middle Pleistocene, the latest deformati 
and younger rocks, thereby producing t 
the topmost section of the ee show ring tk 
Cagayan Valley. oh ie 7 


The Mid-Pleistocene defornaean sooth ated th 
trend of movement in the Cagayan Valle ir 


moving along the trend of Palawadl ante ; 
Philippine archipelago south of the Philippine fault. Sol 
west portion of the basin covered Benguet and may therefo 
have been connected with Central Valley basin which ey ax! 
from Manila to Ilocos Norte. vest 


The marine transgression over the Central Cordillera is: 
recorded in the marine sediments found in various parts of the 
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Cordillera. This includes the Miocene limestone caverns in 
Sagada and other areas. The evolution of this magnificent 
mountain range as it rose from the sea can best be appreciated 
from this brief and clear summary of Dr. Arsenio Gonzales who 
described the geologic history of the Lepanto Mine and its vicinity: 


“1. A thick sequence of basalt and andesite flows was 
extruded on a basement that is not exposed. In the later 
stages of this volcanic activity, fragmental components were 
intercalated with the flow rocks. No definite date can be 
assigned to this volcanic activity, and it may have occurred 
either in Late Mesozoic or Early Tertiary time. 


2. After folding of the previously deposited rocks, and 
truncation by erosion, the Balili sediments were deposited 
during Oligocene time. The depositional period closed with 
the laying down of the limestone unit of the Balili sediments 
in Late Oligocene or Early Miocene time. 


3. A period of mild deformation occurred in which a 
broad anticlinal arch was formed. A North-trending zone 
of normal faults formed near the arial region of the arch, 
probably as a result of the release of the folding stress. 

4. This folding was followed by the emplacement of 
the Bagon intrusive. The metamorphism of the Lepanto 
metavolcanic rock is probably a result of this intrusion. 


5. During most of the Middle and Late Miocene, the 
area was subjected to rapid erosion. Down-cutting was 


apparently facilitated by the fractures along the crest of 
the previously formed arch. By Late Miocene time, the region 
was probably reduced to a gently rolling or even a flat area. 


6. During the Late Miocene, and probably up to the 
Early Pliocene, the region was a scene of intense volcanic 
activity. Dacitic pyroclastics and lavas were extruded from 
voleanic centers in the region. 


7. In the later stages of the volcanic activity, hydro- 
thermal solutions invaded the area. .. . Later, the solutions 
became richer in metals, and ore deposits were formed in 
fractured parts of the previously silicified zones. 
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8. The latest chapter in the history of the area is pro- 
bably characterized by a broad uplift. The streams began 
to dissect rapidly, producing the present youthful topo- 
Tap. ccm 


During the Early Miocene, a volcanic complex existed along 
the area now known as the Central Knot. The alkalic composition 
of the complex is unusual for the Philippine setting. The volcanic 
centers in Isabela and Nueva Vizcaya are now marked by out- 
crops syenite and monzonite. These igneous rocks of deep-seated 
origin are rich in potash feldspar unlike most other Philippine 
plutonic rocks which do not contain this type of mineral in abun- 
dance. In Cordon, Isabela, the alkali-rich volcanic rock tinguaite 
along with other igneous rocks of unusual composition are found 
with the syenite and monzonite. An uncommon volcanic mineral, 
pseudoleucite, is found in the tinguaite porphyry. A few kilo- 
meters away, analcite basalt or monchiquite is found along Magat 
River where a dam is being constructed. Welded tuffs from the 
damsite are coeval with the Cordon intrusives, both rocks being 
22 million years old (Early Miocene) by K-Ar dating. Copper 
and gold are associated with the alkalic rocks in Isabela and 
Nueva Vizcaya. 


The Central Valley of Luzon was submerged during this 
period. The Sierra Madre Range in the east supplied sediments 
to the basin which today exceeds six kilometers in depth along 
the deep portions. The edge of the basin has shallow waters 
characteristic of a tidal milieu. In the Montalban area, the base 
of the Late Oligocene Montalban formation consists of a conglo- 
merate containing well-rounded andesitic and basaltic pebbles 
from the underlying Sierra Madre basement. This grades to a 
sequence of limestones, then clastics, which is characteristic of an 
oscillating environment. Farther east, tuffs overlie the sequence 
thereby indicating that volcanism also took place during that 
time in this area. Foraminifera from Nueva Ecija and Bulacan 
indicate that the Early Miocene rocks in these areas were depo- 
sited in moderately deep waters of the open sea. These are 
succeeded by shallow water fauna which sprouted towards the 
Middle Miocene. A renewal of the subsidence occurred during the 
Middle Miocene. Towards the end of the Miocene, diastrophism 
resulted in the erosion of Miocene strata in some areas. Renewed 
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transgression of the sea during the Pliocene deposited a thick 
blanket of sediments over the Miocene rocks. 


In the West, it will be recalled that the Aksitero formation, 
belonging to the Paleogene, is a deep water deposit. This is 
succeeded by a neritic environment with tidal influences as indi- 
cated by the limestone lenses in the Moriones formation of Tarlac. 
These lenses are interpreted to be ancient patch reefs. The 
tidal influences persisted through the early Late Miocene. During 
this time, mountain building events brought in a fresh supply 
of coarse clastic material. The Pliocene in the western part again 
shows a tidal environment. 


The Central Valley can therefore be interpreted as a trough 
related to a voleanic are in the east. The Zambales Range in 
the west developed into another volcanic arc during the Late 
Miocene and thus became a source of volcanoclastic material. 
The stages leading to the development of the Central Valley basin 
are summarized in a plate showing the geologic revolution of the 
Central Valley following the interpretation of BEICIP, a French 
petroleum institute. 


Lower Miocene rocks belonging to the nearshore environment 
rest on Cretaceous and older rocks along the Tayabas Isthmus. 
The sediments come from the north, with the shoreline close to 
the present shore. However, the seaward side during the Early 
Miocene is to the south which is land today, whereas the land 
area is to the north which is now marine. Later in the Early 
Miocene, the source shifted to the west and the southwest. This 
shift may be correlated with the emergence of the Sierra Madre. 


The southern part of the Central Valley Basin is now under- 
lain by Pleistocene and recent volcanics. During the Neogene, 
the area was marine and hence the basin, although now struc- 
turally distinct from the basins in the south, was connected to 
basins in the south. The island of Marinduque, however, was a 
voleanic center during most of the Miocene. Volcanic islands were 
also distributed along the Visayas. 


The Bicol Peninsula was also invaded by the sea at the start 
of the Neogene. Its location and also the location of the islands 
of Samar, Catanduanes and Eastern Leyte, all being east of the 
Philippine fault, must have been south of its present position. 
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than the western side. A cross-section of the Panay Basin is 
shown in the plates. The rocks show frequent reworking and 
mixing of shallow and deep faunal elements. 


Neogene sedimentary rocks cover Northwest Leyte. The 
Upper Oligocene (?) to Lower Miocene Taog formation is a 
clastic unit with occasional layers of coal. This nearshore unit 
is overlain unconformably by the Middle Miocene Tagconot 
formation which consists predominantly of mudstones. The 
unconformity indicates that for a while Northwest Leyte was 
emergent during the Miocene. The prominent ridges in the 
landscape today consist of the reefal Calubian Formation which 
overlies the Tagconot. During the Late Miocene, a shale-sand- 
stone association with tuffaceous and bentonitic lenses was 
deposited. This unit, known as the Bata Shale, contains the Balite 
tar sands, an indication that hydrocarbons were generated in the 
area. Studies on the distributions of carbon isotopes and hydro- 
carbons of the Neogene rocks, oil seeps and tar in Leyte, done by 
R. Reyes, Jr. in 1979, show that hydrocarbons, oil and asphalt 
were derived from organic material incorporated in the Lower 
Miocene Taog formation. 


In the Visayas, the Neogene is characterized by transgression 
and the development of small bioherms during the Early Miocene. 
The greatest development of reefs took place during the Middle 
and Late Miocene. These are separated by shallow marine clastics 
that are interbedded with acidic volcanics and tuffs. Thus, 
igneous activity can be noted during the latter part of the Miocene. 
Unconformities mark periods of emergence. In Samar, Lower 
Miocene rocks are strongly folded whereas the unconformably 
overlying Upper Miocene rocks have gentle dips. However, a 
widespread submergence took place during the Pliocene with the 
deposition of the Carcar Limestone and its other equivalent 
sedimentary rocks. 


The submergence during the Neogene also affected Mindanao 
where thick sequences were deposited in the Davao-Agusan trough 
and the Cotabato Basin. A cross-section through Mindanao is 
shown among the plates. 


The eastern side of the Davao-Agusan trough is bounded 
by the Philippine Fault in the east. In general, finer clastics 
are found in the east while coarser clastics are found west of the 
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trough. The sedimentary rocks, ranging in age from Eocene to 
Pleistocene, attain a thickness of more than four kilometers. The 
Eocene limestone in the trough is unconformably overlain by 
Lower to Middle Miocene clastics and limestone. These are 
covered by Upper Miocene to Pliocene marine sediments. 


The Cotabato Basin contains more than 8.6 kilometers of 
sedimentary rocks ranging in age from Late Oligocene to Pleis- 
tocene. These rest on a basement consisting of volcanics, schist 
and metasediments. The oldest unit deposited during Late 
Oligocene to Early Miocene contains conglomerate, sandstone 
and limestone. During the Early Miocene, conglomerate and 
graywackes interbedded with shale were deposited. Two limestone 
units contemporaneous with the clastics were deposited in the 
northern part and in the south central part. By Middle Miocene 
time nearshore and terrestrial sedimentary rocks were deposited 
in the northern part of the basin whereas offshore, marine 
sediments were deposited in the south central portion of the basin. 
Late Miocene sedimentation was found to become increasingly 
terrestrial in the south. After a period of erosion, a return to 
shallow marine deposition took place during the Pliocene. These 
were in turn overlain by fluviatile and lacustrine deposits of 
Plio-Pleistocene age. 


To the west, in Zamboanga, Early Miocene sedimentary rocks 
accumulated by uplift and sedimentary filling resulted in the 
transformation of some parts of the marine environment into 
swamps where coal formed. During Middle or Late Miocene 
time, folding and uplift exposed the area to prolonged erosion. 
Voleanism during Late Miocene and Karly Pliocene covered the 
older rocks with basalts and tuffs. 


The Sulu Archipelago is covered mainly by young volcanics 
and limestone. Otherwise, metamorphic and igneous rocks are 
exposed. However, there is a Miocene conglomerate in Bongao 
Island. Neogene sediments are more extensive in the Sulu Sea 
which could have been the northeastern extension of Northwest 
Borneo’s geosyncline. One offshore well drilled down to 4601 
meters yielded sediments from Early Miocene to Pleistocene age. 
Another well encountered coal beds beyond 305 m. from the sea 
bottom. Hence, in the past, parts of the Sulu Sea were near 
shore or even linked to the land and there has been a subsidence 
exceeding 300 meters since the Late Miocene and Pliocene. 
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Offshore drilling for oil in Western Palawan has also yielded 
evidence that land was exposed many kilometers away from the 
present shoreline and several hundred meters deep. This is 
marked by the unconformity between Middle Miocene rocks with 
Upper Miocene-Pliocene rocks. Southern Palawan is covered 
partly by Tertiary sediments but these are essentially absent in 
the north. Neogene sediments, however, have accumulated in 
offshore areas and these have proven to be an important source, 
as well as reservoir rocks, of oil and gas. 


The northwestern Palawan Basin, where commercial dis- 
coveries of petroleum have been made, is separated from the 
western Palawan Basin by the north-south trending Ulugan Bay 
fault. During Oligo-Miocene time, the shelf edge had a northeast- 
southwest trend, deepening to the northwest. The basin was 
tilted to the west during Late Oligocene time, making the shelf 
edge prominent. Reefs formed on topographic highs along a 
trend following the edge. The development of patch, pinnacle, 
atoll, and bank-edge types on reef was encouraged by slow basin 
subsidence during Late Oligocene to Early Miocene time. Fine- 
grained sediments that consolidated into mudstones and clay 
stones were deposited contemporaneously along the sides of the 
reefs. Fine-grained clastics were supplied from the east and the 
northeast during the Early Miocene. The influx of these sedi- 
ments terminated reef growth abruptly and buried the carbonate 
complex. During that time, the landmass to the east was elevated. 
A Middle Miocene uplift made the eastern portion of the basin 
emergent, thereby forming the Middle Miocene unconformity. 
Above this unconformity, shallow water deposits of the inner 
sublittoral to littoral environment consisting of conglomerate, 
sandstone, clay stone, and siltstone were found. The Middle to 
Upper Miocene clastics came from the east and the northeast. 
Transgression during the Pliocene and Pleistocene gave rise to 
carbonate deposits. 


The sedimentary record for the Neogene therefore indicates 
that large areas of the Philippines were covered by the sea with 
occasional breaks in the record during the Middle Miocene and 
Upper Miocene owing to periods of uplift and mountain building. 
Another episode of widespread marine transgression occurred 
during Pliocene times. 
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While the sedimentary basin shows vast amounts of subsidence 
during the Neogene, equally large amounts of uplift took place 
in mountain belts adjacent to the basin where igneous rocks of 
intermediate composition (mostly diorite and quartz diorite, some- 
times granodiorite) have been emplaced. Erosion has uncovered 
these magmatic rocks which cooled slowly under the onslaught of 
high pressures deep within the crust. These are now seen as 
intrusive masses ranging in size from small stocks, a few square 
kilometers in area, to batholithic masses that form the backbone 
of mountain ranges such as the Sierra Madre and the Central 
Cordillera of Luzon. 


In the mountain ranges, these intrusives crop out even in 
elevations exceeding 2000 meters. These plutons intrude pre- 
Neogene submarine volcanics and sediments, such as in the vicinity 
of Mankayan, as described earlier in this chapter. Even if the 
sedimentary and voleanic cover were only three kilometers thick, 
the intermediate intrusives now cropping out at elevations exceed- 
ing two kilometers would indicate uplift of more than five kilo- 
meters. The adjacent basins, on the other hand, have subsided 
by several thousand meters. In the Cagayan Valley where 10 
kilometers of subsidence can be measured, a total amount of 
vertical movement between the Central Cordillera area and the 
Cagayan Valley axis could be estimated to exceed 15,000 meters. 
Furthermore, the distance between the deepest part of the basin 
and the nearest batholith is less than 60 kilometers. An awesome 
deformation of the crust must have taken place in this narrow 
belt during the Neogene to produce this large vertical movement. 
A comparable deformation is probably taking place east of Minda- 
nao where there is a trench with a depth close to 10,800 meters. 


The Neogene plutonic intrusions affected large areas of 
the Philippine archipelago, namely the following belts: Central 
Cordillera, Sierra Madre, Marinduque, Tablas, Eastern Bohol, 
Eastern Mindanao, Mindanao Central Cordillera, Cotabato, and 
Zamboanga. The Northern Luzon belt has extensions into Taiwan, 
the Eastern Mindanao belt into Indonesia and the Zamboanga belt 
into Sabah, Neogene intrusives are also found in Japan and 
other areas of the circum-Pacifie belt. Economically important 
mineral deposits are associated with these intrusives in the 
Philippines. 
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The Luzon Central Cordillera intrusive belt has a north- 
south trend extending from Pasaleng Bay, Ilocos Norte in the 
north to Baguio City in the south. The intrusive forms the back- 
bone of the mountain range. Several types and ages of intru- 
sives are recognized by various investigators. Around Baguio, Paul 
Schafer recognizes four intrusives starting from the Antamok 
diorite which he considers the oldest, probably even older than 
the pre-Middle Zigzag series of sedimentary rocks. The Virac 
granodiorite is considered younger than the Zigzag series. A third 
type, an augite diorite, occurs in the northern part of the Baguio 
Mineral District. The youngest intrusive is the Itogon quartz 
diorite which is also mapped as the Agno batholith. Hornblende 
diorite is the most common intrusive rock in the Baguio Mineral 
District. Pyroxene diorite, quartz diorite, and granodiorite are 
also present. To the north, Antonio Buangan and co-workers in 
1968 recognized three types of intrusives, namely: a coarse- 
grained equigranular biotite diorite, an intermediate medium to 
coarse-grained, slightly porphyritic hornblende diorite, and a me- 
dium to fine-grained porphyritic and granular quartz diorite. The 
coarse biotite diorite is considered to be possibly equivalent to 
the Agno Batholith mapped by Schafer. In the vicinity of Man- 
kayan, a coarse, acidic pluton is mapped as the Bagon intrusive. 
Dr. Arsenio Gonzales identified the rock as a trodhjemite. 


The intrusives were probably emplaced between the Early 
to Middle Miocene. John Wolfe in 1973 reported ages of 14.8 
and 9.4 million years for two samples of diorite collected south 
and southeast of Baguio City. The ages were determined by the 
K-Ar method. 


Neogene intrusives are also found in the Caraballo Moun- 
tains. The plutons also crop out further south in the Sierra Madre 
range along the Quezon and Rizal boundary. These bodies in the 
southern extension of the Sierra Madre Range are smaller bodies 
and date back to the Middle Miocene. 


West and south of the Central Valley of Luzon, there is 
another belt of Neogene intermediate intrusives. These could 
easily extend to the northeast trending belt in Marinduque. These 
diorites and quartz diorites usually form small bodies intruding 
metamorphosed volcanic and sedimentary rocks. In San Juan, 
Batangas, a quartz diorite sample is reported by Wolfe (1973) 
as 9.2 million years old (K-Ar method). 
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Neogene intrusives of intermediate composition are also 
found in other parts of Mindanao. A large outcrop of diorite, 
known as a batholith, underlies part of the Daguma Range in 
South Cotabato. In Kiamba, South Cotabato, volcanics older than 
the Neogene were intruded by Middle to Late Miocene quartz 
diorite. Elsewhere, such as in Bagumbayan, South Cotabato, the 
intrusives form steeply oriented tabular bodies known as dikes. 


Another belt flanks the Philippines in the south. This is 
the Zamboanga belt in Zamboanga del Sur where diorite and 
quartz diorite intrude volcanic and sedimentary rocks. These 
intruded rocks could be as young as Early Miocene. In the east- 
central part of Zamboanga del Sur, a large, semi-circular diorite 
body that intrudes metamorphosed volcanic and sedimentary 
rocks is known as the Sibuguey diorite. This intrusive is placed 
within the Middle Miocene. Further west, diorite intrudes serpen- 
tinite on the islands of Tawi-Tawi. This body, in view of its 
alignment with the Zamboanga belt, could be part of the belt. 


In the Middle to Upper Miocene, the bodies of dioritic intru- 
sives now found at the surface bear witness to the widespread 
development of molten rocks. This generation of molten silicates, 
known as magma, could be related to the Middle Miocene moun- 
tain-building event which affected the whole archipelago, from 
the northeast in the Cagayan Valley to Palawan in the southwest. 
This event resulted in the retreat of the sea and the removal of 
previously deposited sedimentary rocks. This break in the record 
of rocks, as already pointed out, is said to be an unconformity. 


Towards the end of this period of Philippine prehistory, 
there was a renewal of volcanic activity. Thus, in the Luzon 
Central Cordillera lava flows of dacitic composition may be found. 
Dacite and andesite are the volcanic equivalent of quartz diorite 
and diorite, respectively, which solidified at great depth. Volca- 
noes of dacite and andesite started to grow in the Late Pliocene 
and some of these are now inactive and dormant volcanic cones. 
In the Eastern Zambales range, radioactive dating shows that 
voleanism in the range started as far back as seven million 
years ago. 


The stones and bones of the Neogene age therefore bear 
witness to numerous events that had taken place in the Philip- 
pines. They tell of the advance and retreat of seas, the growth 
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This map of the Cagayan Valley shows how the basin filled up with sediments. Outer margins were ancien 


margins of the basin which encrouched on land (basement areas). 
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The sequence of vertical sections above, starting from the bottom, shows how the Cagayan basin 


deepened and became filled up with sediments. The layers of sedimentary rocks were deformed 
during the Pleistocene resulting in warping of the layers known as folds. Continuity of the 


layers is broken by faults. 


Schematic cross section of the Cagayan Valley Basin showing different environments of deposition 
fatter Caagusan, 1977). Neutic facies represent marine environment, While Lagoonal facies 
consist of rocks deposited in Lagoons. Fluvio-Marine facies consist of rocks having 
characteristics gradational from marine to river deposits. The changes in depositional 
environments are related to distance from ancient land masses, the filling up of the basin and its 


conversion to the present day valley. 
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Zoning of Miocene coral Reefs — Visayan Sea. These diagrams show the variation of environment and 


life across coral reefs about 20 million years ago. 
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Geologic section across the Iloilo Basin, The layers of sedimentary rocks are thicker in the western 
part of the basin. Paleogene and older basement rocks are exposed in the eastern and western 
highlands of Panay. 
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STRUCTURAL AND STRATIGRAPHIC SECTION for line-G, 
Across the NIDO oil reservoir, PALAWAN (After Sali, 1978) 
Structural and stratigraphic section for line G. across the Nido Oil reservoir, Palawan (after Sali, 1978). 


The blue layer represents limestone. Mounds of reefal material, formed close to the surface are 
now buried thousands of feet. These buried reefs form porous reservoirs for oil and gas. 
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be met by local production, not only by oil from Palawan but 
also from other sedimentary basins of the Philippines. In the 
Cagayan Valley, significant amounts of gas have been discov- 
ered in the Miocene Callao limestone. The Leyte tar sands 
had already been mentioned. Raymundo A. Reyes, Jr. in 1979 
studied the asphalt and other surface oil and gas seeps of the 
Calubian Peninsula in Leyte and proved that these had affinities 
with the Lower Miocene Taog formation. Maturation studies 
of the organic carbon in the sedimentary rocks from the Leyte 
Basin showed that conditions required for the generation of pe- 
troleum had already been attained. Energy sufficiency of the 
Philippines is therefore an attainable dream, possibly within this 
generation. 


Coal from Neogene swamps is also an important energy re- 
source. Coal deposits are widespread in this country. However, 
the unstable conditions of the Philippine archipelago prevented 
the development of thick widespread deposits similar to those 
found in continental regions such as Australia, Europe, and North 
America. However, the Philippine coal deposits are barely 
tapped and explored. Their development and utilization will 
therefore supplement energy resources of the Philippines. 


Some uranium was deposited with other minerals in the 
iron-copper-molybdenum deposit formed during the Miocene in 
Larap, Camarines Norte. Other uranium deposits, similar to 
those found in Indonesia and Japan, may yet be discovered in 
other areas of the Philippines. 


The deposit in Larap is a contact metasomatic deposit, one 
which is formed by the migration of metals from an igneous 
rock that intrudes limestone. There are other areas that have 
similar geologic conditions and these areas may provide future 
sources of iron, gold and perhaps even tin and tungsten. Among 
these areas already known to have iron deposits are the Lam- 
min Iron deposits in Piddig, Ilocos Norte, the Santa Ines Iron 
Deposits in Eastern Rizal, the Mati Iron Deposits in Davao, and 
the Sibuguey Iron District in Zamboanga. In Lammin, the iron 
deposits occur in metamorphosed volcanic and sedimentary rocks 
associated with recrystallized limestone. Fossils in the limestone 
indicate an Eocene age. The deposits had been ascribed to a 
genetic relation to diorite bodies by Juanito Fernandez in 1964. 
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Neogene intrusive rocks also carry important deposits of 
copper and gold. Several deposits of copper are found in Ben- 
guet, Marinduque, and Davao. In the Philex mine, Sukune Ta- 
kenouchi found inclusions in the silica mineral, quartz, which 
contained ore minerals in addition to water and salt minerals, 
The salt content of the inclusions is estimated to be as much 
as 60 to 80 wt. %, which is rather high. The origin of such 
salty inclusions is not known but these inclusions are probably 
related to the origin of rich ore deposits such as those found 
in the Santo Tomas II orebody of Philex. This orebody has more 
than 160 million tons of copper ore containing more than 0.4% 
copper and significant amounts of gold and silver. The mill 
which processes the ore receives material containing 0.6 grams 
of gold per metric ton of ore. Hence, the mine is a gold pro- 
ducer in the Philippines. 


A large production rate in copper is credited to the Marcop- 
per Mine in Marinduque. The Black Mountain Mine and the 
Santo Nifio in Benguet show a moderate rate of production. These 
deposits are large-tonnage, low-copper-grade (or content) bodies 
associated with quartz diorites. They are classified as porphyry 
copper deposits. Numerous prospects of this type are being de- 
veloped in Luzon, Visayas and Mindanao. 


Near Black Mountain, on the road to Baguio City, is a mine 
which produces gold, silver along with copper, lead, and zinc. The 
bodies containing these metals occur in a limestone which is in- 
truded by quartz diorite. Another mine in Benguet which pro- 
duces gold and silver with copper, arsenic and antimony is the 
mine in Mankayan operated by Lepanto Consolidated Mining 
Company. The history of the area was described earlier in this 
chapter. Unlike the porphyry copper deposits, the Lepanto ore 
deposit is related to voleanic activity. The mine was reported 
by the Spanish in 1838. Between 1864 and 1874, the mine pro- 
duced 24,211.5 quintals of copper, or an average of 2,240.45 quin- 
tals per year. 


The mine is important in the world of minerology because 
it is the source of the mineral described by Carl Zerrenner in 
1869 as luzonite, named after the island of Luzon. Luzonite is 
a copper arsenic sulfide. It is found also in Taiwan, Japan, in 
Butte, Montana, and Cerro de Pasco, Peru, These deposits are 
grouped by Ulrich Petersen (1965-1969) as zoned cordilleran de- 
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posits. Benjamin Austria in 1976 estimated the temperature of 
formation of these deposits as between 200°C and 400°C with 
many values found near 300°C, This range is consistent with 
the estimates made for Lepanto by Gonzalez in 1957. 


Gold and silver deposits form veins in the vicinity of Ba- 
guio City. In Acupan, these veins are found in a young volca- 
nic plug which may have formed in the Pliocene or even the 
Pleistocene. Charred wood within the plug indicates that there 
were already forests covering the volcano during the time it 
was active. The Acupan mine remains very hot. Water close 
to boiling point is being discharged through drill holes at deep 
levels. Quartz and calcite, a calcium carbonate, from the veins 
also contain fluid inclusions. Temperature determinations using 
these inclusions give a temperature of around 250°C. 


Gold deposits associated with Pliocene volcanic activity are 
also found in Masbate. In Surigao, the gold-quartz veins are 
related to Miocene diorites and andesites. 


In addition to metallic ore deposits, non-metallic mineral 
resources are also extracted from Neogene rocks. The most im- 
portant in terms of volume and value are the cement raw ma- 
terials, especially limestone. Most of the cement plants utilize 
Miocene limestone which is well-developed in many parts of the 
Philippines. The majority of Philippine limestones are made of 
calcite with small amounts of silica and magnesia added. Lime- 
stones with significant amounts of magnesium are reported in 
Northwestern Pangasinan and in Zamboanga del Sur. The most 
abundant occurrence of carbonate sedimentary rocks, rich in 
magnesium, is in the Carcar formation of Cebu. These are so 
rich in magnesium (MgO ranging from 15 to 20.69 wt.%) that 
these can be classified as calcareous dolomites. Ruperto Jago- 
lino (1960) suggests that the dolomites of Cebu were originally 
limestones. Replacement of the calcitic limestones resulted in al- 
teration and leaching much later than its deposition. Seawater 
contributed to the replacement of the limestones. 


Cement raw materials are abundant in the Philippines. There 
are more than enough for utilization by future generations. 
There are no anticipated shortages with regard to this construc- 
tion material. 
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Silica sand, used in making glass, bot ’ 
ducts, is also found in Neogene rocks, — 
deposits are found in the southwester ‘ 
Lower Miocene Tagbita sandstone | 
15% to 20% feldspar, 30% bes 40 
oxide. In addition to the sandstc 
found along the coast, which he 
posit has produced. 

It is therefore evident 
derived from the complex « 
gene. Further 0 ; 


Chapter Five 


The Quaternary: 


THE PHILIPPINES IN THE 
AGE OF FIRE AND ICE 


doe is a period called ‘the supreme years’ by 
Aristotle, at the end of which the sun, moon, and all the 
planets return to their original position. This ‘supreme 
years’ has a great winter, called by the Greeks katak- 
lysmos, which means deluge, and a great summer, called 
by the Greeks ekpyrosis, or combustion of the world. 
The world, actually, seems to be inundated and burned 
alternately in each of these epochs.” 
Censorinus—Liber de die natali xviii 


Developments which began 40 to 60 million years ago led 
to a slow cooling of the earth. While a warm climate still favored 
the growth of mammalian forms in the middle of the Cenozoic 
epoch, tectonic upheavals accelerated the cooling process. By 
Pleistocene time, beginning some two million years ago, glaciers 
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had formed in many parts of the earth. These lowered the sea 
level and exposed areas which until then, and again subsequently, 
were submerged beneath the surface of the oceans. Man, making 
his first appearance in this period, was driven to the tropics. 
Man's presence in the Philippines has been traced to this epoch. 
In this same epoch, major changes in the structure of the earth 
occurred, including reversals in the polarity of the magnetic field. 
This phenomenon in turn has led to climatic changes and to 
mutations in life forms. These transformations have been traced 
in the Philippines by means of fossils and formations. The con- 
tours of the Philippine land and sea profile during the periods 
of lower sea level may be reconstructed, to show connections 
and relationships with other Asian countries. “Land bridges” 
during this epoch served both us links and as habitats themselves, 
as shown by fossils. Altogether, the Pleistocene epoch was marked 
by vital, and even extraordinary, developments which have vastly 
influenced terrestial and, in particular, Philippine life, including 
agitations from space in the form of tektites, and fiery convul- 
sions from the depths of the earth itself. 


fq CREEPING chill spread over the globe as the cooling of 
the earth’s climate that began during the Eocene, 40 to 60 million 
years ago, persisted through the Neogene and culminated in the 
widespread advance of ice sheets or glaciers during the Pleistocene, 
an epoch which began more than one and a half million years 
ago. These continental ice sheets, similar to the glaciers that 
now blanket Greenland and Antarctica, covered vast areas of 
Asia, North America and Europe. Their distribution is illustrated 
in a map among the plates. In the southern hemisphere glaciers 
covered the southern Andes, the highlands of Tasmania and New 
Zealand, and the area around Mount Kilimanjaro and Mount 
Ruvengori in Africa. The advancing glaciers scraped and bruised 
outcrops of rocks, sculpted valleys, transported huge blocks of 
rocks and deposited glacial features such as moraines, eskers 
and glacial soil known as till. (Pleistocene glaciation exerted an 
influence on American history. The glaciers removed fertile soil 
from the North and deposited this in the South. In addition to 
other factors, this necessited the development of the north as an 
industrial region and promoted agriculture in the South.) The: 
growth of glaciers drew water from the sea, lowering the sea 
level by as much as 240 meters below the present level and ex- 
posing areas now submerged, These areas served as pathways for 
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the migration of plants, animals and man between Continental 
Asia and the present archipelagoes of Southeast Asia. 


Owing to a combination of factors, glaciers advanced and re- 
treated during the Pleistocene. Man evolved during this epoch of 
fluctuating climate. The spread of ice in the northern latitudes 
pushed man and other forms of life to the tropics. The first signs 
of man’s presence in the Philippines have been traced to this epoch. 
Details concerning these first Filipinos will be discussed in the 
second part of this volume. 


The advance and retreat of glaciers have not been fully ex- 
plained. Among the factors that have been proposed as possible 
causes of the phenomenon are variations in the heat output of the 
the sun; the passage of the solar system through regions of inter- 
stellar dust in our galaxy, the Milky Way; shielding of the earth 
by periods of volcanic activity; shifting of the crust of the earth 
relative to the axis of rotation of the planet; and wobbling of the 
earth’s axis of rotation. The diverse factors are charted in a dia- 
gram among the plates. 


Glaciers grow because of an increase in the snowfall during 
winter and a decrease in the amount of melting in the front of 
glaciers due to cool summers. In the northern latitudes, there are 
regions of permanent snow and ice, so that warm winters would 
not cause melting of snow but would favor increased snowfall. 
The temperatures of summer and winter are affected by the 
degree of tilt of the earth’s axis of rotation because the amount 
of heat from the sun falling on the earth’s surface depends upon 
the degree of inclination with respect to the sun. At the poles, the 
surface is steeply inclined with respect to the rays of the sun; 
at the equator, the surface is nearly perpendicular to the rays. 
The position of the axis of rotation will therefore affect the 
warmth of summer and the coldness of winter. This position 
varies with the gravitational influences of the sun, moon and 
large planets like Jupiter. The cycles of wobbling or precession 
of the earth’s axis were calculated and correlated with the advance 
and retreat of glaciers by the astronomer and mathematician M. 
Milankovitch. Estimates of the changes in the temperatures of 
the oceans show that there is a close correspondence between 
the cycles determined by Milankovitch and the temperature 
variations in the oceans, and presumably also the amount of 
glaciation. However, glaciation was extensive only during the 
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Pleistocene and the Permian within the Phanerozoic eon. Other 
factors besides the wobbling of the earth’s axis must have combined 
with the cyclical variations in the relative temperatures of 
summer and winter to give rise to glaciation. 


In the northern hemisphere, glaciation began toward the ; 
end of the Neogene, during the Middle Pliocene, 3.2 million years : 
ago. Studies by Robert Thunell and Lloyd Keigwin on the oxygen _ j 


isotopes in the foraminifera Globigerinoides ruber taken from 
sediments in the Mediterranean, reported in 1978, indicate ee . 
during this time the surface temperature of seawater decreased — 
by 2° Centigrade and that the sea level dropped approximately _ 
100 meters. Their observations are consistent with the — 
work of N. J. Shackleton and N. D. Opdyke in 1977. 4 


The Pleistocene, however, is not defined on the basis o: 
onset of glaciation. The accepted base of the Pleistocene 
orded in the sequence of rocks in Italy known as the C: 
The boundary, according to W. A. Berggren and B. Haq ir 
is somewhat closer to our time than magnetic reversal 
the so-called Olduvai Event, which took place about 1. 
years ago. It is essentially synchronous with the | 
of the foraminifera known as Globigerinoides obliquus 
and slightly younger than the first appearance of the 
fera Globorotalia truncatulinoides, Gephyrocapsa ocean 
G. caribbeanica. Many paleontologists (e.g. Blow, Berge 
Postuma), use the appearance of Globorotalia truncatuli 
associated with the Olduvai event, as the base of the | 
This foraminiferal zone is recognized in the Philippin 
taru Hashimoto and Guillermo Balce in their 1977 pape 
Correlation Scheme for the Philippine Cenozoic Formatio ns.” The 
Quaternary may therefore be regarded as beanie at about 1.6 
to 1.8 million years ago. a 


The 


As many as six major advances of glaciers are recognize 
in the northern hemisphere. These events are separated by ve arm 
er interglacial episodes during which the ice cover melted. 
With the melting of the ice, the sea level rose. The seq nce of 
glacial, interglacial and high sea level stages that are often re- 
garded as the subdivisions of the Pleistocene is shown in the 
following Table. 
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The table also includes the nomenclature used for reversals 
of the earth’s magnetic poles. The magnetic fields of the past are 
recorded in some volcanic and sedimentary rocks. In voleanie 
rocks, high temperatures prevent minerals from becoming mag- 
netic. However, as the rock cools the minerals become magnetized 
and in this way it becomes possible to record the direction of the 
earth’s magnetic field. In sediments, magnetic minerals slowly 
being deposited behave like tiny compasses and orient themselves 
in the direction of the earth’s magnetic field during their time of 
deposition. During the Pleistocene, five reversals of the polarity 
of the magnetic field are recognized; these have been dated by 
radioactive methods. As markers on the time horizon, these re- 
versals are useful not only in the study of glaciation and climatic 
changes but also in dating evolutionary changes in man and other 
living things. 


During a polar reversal, there is a spell during which the 
earth’s magnetic field disappears. Because of this, radiation shield 
offered by the magnetic field also vanishes and radiation from 
the sun, unimpeded and therefore more intense, reaches the 
earth’s surface. During these periods, mutations in the gene car- 
riers of heredity become more abundant, resulting in changes in 
forms of life on earth. 


Temperature changes during the Pleistocene are recognized 
today in the shells of marine organisms and in the abundance 
of certain kinds of organisms, especially foraminifera which have 
a well-identified preferences for one or another kind of tem- 
perature. In the Pacific, the surface temperatures of the ocean 
may have differed by three or four degrees centigrade during the 
glacial and interglacial stages. One of the plates shows graphi- 
cally the temperature variation for the western equatorial Pacific. 
Mark Valencia in 1977 correlates this variation with other areas 
in the equatorial Pacific and with areas in the east, southeast 
and the northeast parts of the Pacific Ocean. It has been 
established, however, that the pattern does not extend to the 
Southern Ocean, and Valencia interprets this as being consistent 
with a modified “Milankovitch” hypothesis. 


The past climate of the Pacific, as summarized by Valencia, 
is shown in a chart among the plates. The Philippines must have 
been affected also by climatic changes during the Pleistocene. 
A climate cooler than our present one accompanied the glacial 
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stages, perhaps even enough so that snow might have appeared 
in the mountain ranges as temperatures dropped. In nearby 
Taiwan, evidence of glaciation is observed in mountains from 
3270.9 meters to 3884 meters in high according to C. Lin in 1963. 
Southwest of the Philippines, in Sabah, there is abundant evidence 
of glaciation around Mount Kinabalu which rises to 4100 meters 
above sea level. 


Marks of glaciation include rock surfaces polished by erosion 
by ice, steep-walled mountain valleys known as cirques, and 
moraines, which are glacial deposits of earth and rocks. Features 
of glacial erosion and terminal moraines occur down to about 
3050 meters above sea level. Wood from a glacial deposit was 
dated by H. Newton-Smith and G. Wilford in 1968 at 34,300 
years old. The minimum age for the deglaciation or melting 
of the ice at the summit of Mount Kinabalu was placed at 9,186 
years ago (plus or minus 120 years) by John Flenley and 
Robert Morley in 1978. Prehistoric Filipinos who passed by 
Sabah must have seen the ice-capped peaks of this mountain. 
Although there is no evidence yet of a similar condition in the 
Philippines, studies on the morphology or shape of the mountain 
peaks of this country and Quaternary deposits may eventually 
disclose the effect of glaciation on the past climates of the 
Philippines. 


The rise and fall of the sea level significantly altered the 
shape of land in the Philippines. The effect of a 240 meter fall in 
sea level suggested by B. C. Batchelor, as cited by D. H. Stauffer 
in 1978, may be approximated by tracing a horizontal line along 
the present 200-meter depth and this shows that the Philippines 
would be connected to Borneo, and that various islands within the 
archipelago are linked together at that depth were the sea so 
much lower. The land exposed would permit communication by 
land between the Philippines, the rest of Asia and perhaps even 
Australia. That such interchange indeed took place is supported 
by the occurrence of large land animals and remains of man in 
the Pleistocene rocks of the Philippines, and also by the distribu- 
tion of land plants and freshwater fishes in Borneo, Australia, 


Taiwan and in the Philippines. We shall return to this in sd 7 


discussion of Pleistocene life. 


These exposed land areas have been called “land bridges.” 
Some have doubted the existence of these features (e.g. Eric Ca-— 
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sifio, 1978), saying that bridges are useful only for passage and 
not for living, and that there is geophysical evidence against the 
existence of these bridges. 


These are hardly tenable notions. With respect to the first 
claim, if any land were accessible to migrating life at any given 
time, without foreknowledge that the same land would be awash 
in a few centuries, there is no reason to think that the living 
being to which it becomes accessible for any duration would not be 
prompted to turn into its habitat. The discovery of coal layers 
in the Sulu Sea provides evidence that terrestrial life occupied 
areas now submerged. We may also take note of present-day 
“land bridges” such as the Isthmus of Panama, the Isthmus of 
Thailand, and the Tayabas Isthmus in Quezon province. The 
existence of abundant life established upon these areas clearly 
shows that life may flourish on relatively narrow strips of land. 
The persistence of the present-day habitable land bridges in 
Thailand and Central America refutes whatever indirect geo- 
physical evidence may be offered against land bridges as earth 
features. Furthermore, seismic surveys show that ridges exist 
along Palawan and in the Sulu Sea. Their absence today between 
Taiwan and Northern Luzon does not necessarily mean that in 
the geologic past, there were never land connections between 
these islands. Trends of mountain ranges, volcanic belts, fault 
zones and other island arc features may be traced northward to 
Taiwan. Recent geologic movements could easily disrupt former 
land connections that earlier processes of mountain building had 


built. 


The existence of “land bridges” is therefore acceptable as a 
hypothesis to explain the distribution of terrestrial life in the 
Philippines and Southeast Asia. 


Large areas of land would be covered by the sea if the sea 
level were higher or if the land were lower. The contour of 
the Philippines along the 100 meter elevation is illustrated in 
a map among the plates. Central Luzon would be a seaway, and 
ocean waves would pound on both sides of the Zambales Range 
and of the Sierra Madre Range. Mindanao would break up into 
any number of islands. The illustration would represent the 
shape of the Philippines before Quaternary uplift, or during 
occasions of high sea level. 
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There is a good amount of evidence that the sea reached 
higher grounds during the Pleistocene. Marine terraces cut by 
wave action of the sea are uplifted in various places, including the 
Ilocos provinces and Pangasinan in Northwestern Luzon; Lubang 
Island; Southern Batangas; Quezon and Camarines Norte in 
Southern Luzon; Samar, Leyte, and Cebu in the Visayas; Cagayan 
de Oro and Zamboanga in Mindanao; Mindoro and Palawan in 
western Central Philippines. In the island of Cebu, as many as 
seven terraces are recognized by George D. Louderback in 1934, 
with the highest terraces reaching 900 meters. As early as 1924, 
Roy E. Dickerson noted: 


‘The beautiful Pleistocene limestones exposed in the 
end of the northwestern peninsula of Leyte offer an 
exceptional opportunity for the study of the conditions 
of formation of coralline limestone and allied problems. 
A cursory examination of these beds seems to indicate 
that most of the coral species still flourish in the neigh- 
boring waters. There are several marine terraces which 
denote successive uplifts, and each is covered by a thick 
deposit of coralline limestone. The underlying shales and 
sandstones of the Vigo group are exposed in a few places 
in the vicinity, and the unconformity between these beds 
and the overlying Pleistocene limestone is well marked. 
The same relation exists between the horizontal Pleis- 
tocene deposits and the well-folded Malumbang coralline 
limestones and interbedded marls at a point about half a 
mile south of Balite, a small barrio (village) on the 
west coast of Leyte.” 


Further on, Dickerson states: 


“Nearly all the large islands show distinct terracing 
in places, but attempts to correlate these terraces from 
island to island will lead to failure, since there are many 
evidences of Pleistocene and recent differential move- 
ments. These Pleistocene terraces, as a rule, are mantled 
by a coralline limestone with which is associated a char- 
acteristic molluscan fauna...” 


Regional differential movements are exemplified in western 
Central Luzon, where terraces 20 meters above sea level are 
present in Lingayen Gulf, while Kaybobo Point, an uplifted 
terrace, is 1.5 meters above sea level. The latter was dated by 
radiocarbon methods to be 2865 years old. 
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Uplifted marine terraces have also been observed in Sabah 
and in Taiwan, and there, too, differential movements have been 
deduced. Detailed studies of earth uplift in Taiwan were made 
by Tsung-Hung Peng, Yuan-Hui Li and Francis Wu in 1977. In 
terraces dating back to 7530 years ago, elevations up to 20 meters 
were measured. These measurements were combined with the 
data on the rise of the sea level during the last 9000 years to 
obtain the uplift rates. The curve for the rise in sea level is 
shown in a diagram among the plates. Uplift rates of about 
5.0-0.7 mm/year were established for the Eastern Coastal Range, 
the Hengchun Peninsula in the South and the area in the west 
central part of Taiwan. The rate of uplift in the northern 
coastal area was small, about 2 mm/year from about 1500 vears 
before the present to 5500 years ago; but it was 5.8 mm/year 
from 5500 to 8500 years ago. A pattern similar to that observed 
in Northern Taiwan is noted for samples from the Ryukyu Islands. 


Applying a similar approach to the uplifted terrace in the 
Kaybobo Point, an uplift rate varying from 0.6 to 1.0 mm/year 
is obvious, depending on whether Nils-Axel Morner’s or F.P. 
Shepard’s curve for the rise in sea level is adapted. Although 
lower than the values determined in Taiwan, this rate is rapid 
compared with many geological rates. Inasmuch as faster rates 
may be possible as indicated by the studies in Taiwan and in the 
study of the Intramuros area by F. Voss, it is important to obtain 
more measurements on the rate of uplift in the Philippines be- 
cause these will affect the planning for human settlements in 
coastal communities. 


There is, however, an alternative explanation for marine 
terraces as suggested by K. K. Verma and V. B. Mathur in 1978, 
who studied marine terraces in the west coast of India. They 
correlated these terraces with similar ones in stable areas in 
other parts of the world. In view of the worldwide similarity 
in terrace elevations, Verma and Mathur interpreted terraces to 
be indicative of a systematic lowering of the sea level since 
the Pleistocene. The highest terrace at 180 to 220 meters above 
the present sea level is interpreted to be the pre-Glacial sea level. 
The works of S. W. Woolridge and H. C. K. Henderson (1955), 
J. K. Charlesworth (1966) and Arthur Holmes (1972) are cited 
by Verma and Mathur as providing evidence that during the 
earliest Pleistocene the sea level stood 200 meters higher than 
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it does today and that since then it has been falling. A sum- 
mary of their observations in Saurastra, Northwestern India is 
listed in the following Table: 


Quaternary High Sea Levels of Saurastra, India 


Marine Terraces of Saurastra 


Local Names Elevation Above Standard High Sea 
Mean Sea Level Level Sequence 
Lowest Terrace 2— 38 meters Flandrian 
Low Terraces 4— 6 meters Monasterian 
10— 20 meters 


Middle Terrace 25— 85 meters Tyrrhenian 
Middle Terrace 55— 75 meters Milazzian 


High Terrace 80—100 meters Sicilian 


Highest Terraces 150—160 meters Calabrian 
180—220 meters 


Unfortunately, these terraces have not been dated. Despite this 
shortcoming, Verma and Mathur regard the general lowering of 
the sea level as having been caused by glaciation combined with 
a growth of ocean basins. An increase in the area of ocean 
basins without significant changes in average depth would indeed 
result in a progressive decline of the sea level over a period. 


The Quaternary, which includes the present, is therefore 
characterized by the development of continental glaciation, fluc- 
tuating climate and fluctuating sea levels. Although we are now 
in an interglacial stage, large amounts of water are still trapped 
in the ice sheets of Antarctica and Greenland. If man’s activ- 
ities somehow caused the ice sheets in these areas to melt rapidly, 
the sea level would rise 50 to 70 meters and eventually settle to 
about 35 meters above the present, after crustal adjustments 
to the load of added seawater has reached equilibrium. ‘This 
would flood many coastal areas in the Philippines. The City of 
Manila and Marikina would be submerged. Laguna Bay and 
Manila Bay would be connected, 


SB 


Tertiary Foraminifera from Luzon Described hy Felix Karrer (1878). These are skeletal remains of marine 


microorganisms, Globigerina (no, 23) forms a calcareous ooze in deep sea basins. Quinqueloculina 
(no. 7) is a miliolid; nos. 24, 25, 26 and 27 are rotalids. 


A fish imprint (below). The dalag o 

mudfish (left) and the climbing perch 
(below) can survive periods of 
drought. Land animals evolved from 
fishes that developed the ability to 
survive periods of aridity in 
Devonian Period. 
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Crinoids (above), related to sea urchins and 


starfishes, flourished during the 
Permian. Turtle skeletal remains 
(above,right) are recovered in Pleisto- 
cene rocks of the Philippines. The 
turtle (right) is a member of the 
reptilian class that included the 
dinosaurs which were dominant in 
the Mesozoic Era. 
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Above: A fern imprint. rr 


The cycad (right) has persisted since the 
Mesozoic Era. Pollen grains of near 
shore plants such as the palomaria 
(right), pagatpat and bakawan (facing 
page, top and bottom, respectively) 
are recovered from Tertiary rocks in 
Palawan and Sulu Sea. The mangrove 
species of SE Asia radiated into the 
Middle East, Europe and North 
Africa during the Early Tertiary or 
Paleogene time. 
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The rhinoceros, (above) dwarf elephant (facing page, top) and other elephants roamed in 
the Philippines during the Pleistocene. 
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Elephant remains (tusks, teeth and bones) are shown in the lower part of this and the 
facing page. 


Overleaf: An artist’s conception of a Pleistocene landscape in the Philippines. 
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On the other hand, the growth of continental glaciers drew 
away awesome amounts of water from the oceans. Ice varying 
from about 250 to 3,000 meters thick covered North America; in 
Scandinavia, the thickness of the ice exceeded 2,400 meters. 
The drawing of water from the seas lowered the sea level by 
about 100 to 135 meters during the last glacial advance, 10 to 60 
thousand years ago. During the Riss or Illinoian glacial period, 
the sea level may have receded by 200 meters or more. The 
recession of the sea by this much resulted in the development of 
underwater limestone caves in the Caribbean which were dis- 
cussed by Robert Dill in 1977. In the same area, Dill estimates 
the lowering 10,200 years ago to have been 50 meters. 


The fluctuating climate caused changes in the flora and 
fauna of the northern latitudes. In Sakhalin, for example, late 
Pliocene flora changed from one containing thermophilic or warm 
weather species to flora less diverse, according to A. N. Alexan- 
drova. The extinction of about half of the genera of tree plants 
is related by Alexandrova to the strong cooling during the Pleis- 
tocene. A gradual disappearance of warm-weather plants is also 
noted in Kamchatka by A. I. Chelebayeva in 1976, but this takes 
place earlier, during the Late Miocene. 


While the glaciated regions became inhabitable, the Philip- 
pines continued to provide habitation to plant and animal life. 
As pointed out in the previous chapter, many Neogene and Pileis- 
tocene marine organisms are still found in Philippine waters to- 
day. The Philippine environment may therefore be said to have 
offered a chance for survival to organisms that would have be- 
come extinct in the harsher environment of the northern lati- 
tudes. If the maximum difference in the temperatures of the 
Pacific between glacial and interglacial stages were only three to 
four degrees centigrade, the difference appears to be sufficiently 
comfortable to permit pre-existing marine organisms in the Phil- 
ippines to survive to the present. There were, however, changes 
in the relative abundance of some organisms; cold-resistant spe- 
cies multiplied in greater numbers than those which preferred 
warmer temperatures. This is the basis of studies of ancient 
climates of the equatorial Pacific and other parts of the world. 


Warm-weather land animals were driven southward with 
every advance of the ice sheets of China, Siberia, Europe, and 
North America. Grazing herds of elephants, rhinoceri, varieties 
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of the pygmy elephant known as Stegodon, ancient horses, wild 
boar, and buffaloes migrated wherever food and a hospitable ter- 
rain were available. On the spoor of these migrating herds were 
the predators, including the saber-toothed tiger, related wild cats 
and even early man. Land animals and plants could have 
reached the Philippines by way of two possible routes, a northern 
route from the Asian mainland through Taiwan, and a southern 
one through Borneo, Palawan, and Mindoro or Borneo, Sulu, and 
Mindanao and possibly, also Celebes-Halmahera. 


The presence of temperate flora in the Central Cordillera 
which consists predominantly of pines suggests that there was 
an ancient land connection between Luzon, Taiwan, and the Asian 
mainland where similar temperate flora are found. G. H. R. Von 
Koenigswald (1956) also cites two items of evidence in support 
of a connection between the Philippines and the Asian mainland 
in the distant past. He mentions the kinship of the tamaraw to 
the Bubalus mephistopheles of China and the existence of the 
parasitical snail-borne disease called Bilharziosis in Japan, South- 
ern China, the Philippines, and Celebes. The parasite needs as 
a host in its development certain freshwater shells. Seawater 
would form a barrier to the snails, hence the distribution of the 
disease in these countries now separated by sea would support 
the existence of an ancient land connection. The northern land 
connections are interpreted by C.C. Lin (1963) as having existed 
in pre-glacial times and as having persisted up to the Mindel 
glacial stage, when the connections were broken. His interpre- 
tation is shown in a series of diagrams reproduced in the plates. 
The marked difference in freshwater fishes in Taiwan and 
Northern Luzon argue against land connections of more recent 
time than Early Pleistocene. 


Similarity of freshwater fishes in Palawan, Eastern Min- 
danao, and Borneo is offered by Roy E. Dickerson in 1942 as 
evidence of the existence of the Molengraaff River, a drowned 
Pleistocene stream which he traces to the South China Sea. The 
similarity suggests that Borneo, Palawan, and Mindanao formed 
part of the drainage basin of the ancient river. The shelf areas 
between Palawan, Mindanao, and Borneo are sufficiently shallow 
to support the notion that land connections appeared between 
these islands as the sea level dropped during glacial stages. 
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Remains of land mammals are found in Luzon, Iloilo, and 
Mindanao. Their presence lends support to “land bridges” for 
these land mammals include relatively heavy species such as ele- 
phants, rhinoceri, stegodon, and the tamaraw, animals too large 
to be transported by rafts. 


The pygmy elephant Stegodon mindanensis Naumann whose 
fossils were collected in 1860 by Katl Semper in Agusan, are 
probably related to another pygmy elephant found in Fort 
McKinley (now Fort Bonifacio) named Stegodon luzonensis n. sp. 
by von Koenigswald. These dwarf elephants appear to have ranged 
from Mindanao to Luzon. Fossils of the tamaraw found by H. 
Otley Beyer (1956) in Novaliches, Rizal also offer proof that 
the species had a wider distribution in the past than today, when 
its presence is limited to Mindoro. The elephants were small, 
including the new species EHlephas beyeri; but recent discoveries 
in Cagayan Valley have yielded elephant teeth and hip bones 
of a type medium to large in size. Other animal remains preserved 
in the Pleistocene Awiden mesa formation of Cagayan Valley 
include rhinoceros, pig, carabao, deer, and turtle. 


The abundant life recorded in the rocks of the preceding 
epoch persist into the Pleistocene. The seas, which are an abun- 
dant source of food today, must also have supplied food to early 
man in the Philippines. Coral reefs flourished in the warm seas 
of the Philippines during the Pieistocene. In Mindoro, Wataru 
Ishijima identified the following algae or seaweeds from raised 
Pleistocene coral reefs: Aethesolithon grandis Johnson Amphiroa 
fragillisima (Linnaeus) Lamourouz; Amphiroa cylindrica Ishiji- 
ma; and Jania cfr. dercourti Johnson. 


In the Bondoc Peninsula, the Malumbang formation, dated 
as Pleistocene by Ernesto Espiritu et. al. in 1968, has reefal lime- 
stone containing algae, echinoid spines, corals, molluscs and 
bryozoa, along with foraminifera. The latter include Alveolinella 
quoyi, Calcarina hispida and Marginopora vertebralis. The echi- 
noderms, the group which includes starfishes and sea urchins, as 
identified by Merle C. Israelsky in 1933 are: Clypeaster cf. scuti- 
formis Gmelin; C. malumbangensis Israelsky, n. sp.; Laganum 
cf. decagonale Lesson; Peronella meriilli Israelsky, n. sp.; P. ra- 
gayana Israelsky, n. sp.; Schizaster pratti Israelsky, n. sp.; and 
Pericosmus schencki Israelsky, n. sp. Earlier, Roy E. Dickerson in 
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1922 and Warren D. Smith in 1913 had identified the echinoderm 
Schizaster subrhomboidalis Herklots from Bondoc Peninsula, 


In the Tartaro formation of Nueva Ecija, dated as Pliocene 
to Pleistocene by Benjamin Gonzales et. al. in 1971, the window- 
pane oyster, Placuna placenta, occurs with ostracods, coral stems 
and other molluscan shell fragments. Foraminifera from the 
formation include Nonion bouseanum, Streblus beccarii, and El- 
phidium advenum. These fossils indicate a nearshore environ- 
ment. The Tartaro formation is overlain by the Guadalupe 
formation which contains plant remains and vertebrate fossils. 
Some plant leaves are identified as belonging to the Huphor- 
biaceae, the family of the lwmbang tree. 


In addition to these, Wataru Hashimoto in 1969 lists the 
following corals as present in a recent raised coral reef: Cyphas- 
trea chalcidicum (Forskol); Leptastrea (?) sp.; Favia cf. spe- 
ciasa (Dana); Favites abdita (Ellis and Solander) ; Goniastraea 
cf. pectinata (Ehrenberg); G. cf. retiformis (Lamarck); G. cf. 
planulata M. Edwards and Haime; Platygyra gracilis (Dana) ; P. 
phrygiea (Ellis and Solander); Symphyllia cf. recta (Dana) ; 
Acanthastrea cf. echinata (Dana); Diploastrea heliopora (La- 
marck) ; Pachyseris sp.; Fungia sp.; Porites sp. 


Also found in Pleistocene rocks are implements of man called 
paleoliths. These include axes, adzes, and scrapers. The association 
of some of these paleoliths with tektites suggests that man was 
already in the Philippines as far back as 750,000 years ago. 


We shall return to a description of the life and culture of 
early Philippine man in the second part of this volume. 


The tranquil Pleistocene night 750,000 years ago was agi- 
tated by a commotion of fiery objects hurled from the sky over 
vast areas of the Philippines stretching from Pangasinan to the 
Bicol region. This phenomenon presumably sent the stegodon, 
elephants, rhinoceri, deer, and buffalo on stampedes across the 
forests and grasslands of Luzon. Early man witnessing the event 
would have panicked at the sight of stars falling and the sky 
crumbling. Similar events took place in Indochina, Indonesia, 
and Australia. The fiery objects were tektites of unusual shapes 
and surface textures, dark burnt color or shiny and glassy. 


The term tektite comes from the Greek word tektos, mean- 
ing molten. Although its composition is predominantly 68% or 
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more silica, it is unlike the volcanic glass obsidian because it does 
not contain water; and unlike terrestrial rock of equivalent silica 
content, tektites have more lime and magnesia and less soda and 
potash. The composition of Philippine tektites is given below. 
The first column is the first analysis of a Philippine tektite under- 
taken by T. Dar Juan of the Philippine Bureau of Science in 
1928. The second column is the average composition of three 
Philippine tektites known as rizalites. 


Constituent 1 2 
SiO, 71.00 Uelk 
Al,0, 13.98 12.95 
F e,0, 0.75 0.65 
FeO 4.64 4.76 
MgO 2.77 2.73 
CaO 3.10 3.50 
Na,O 1.08 1.30 
K,0 2.02 2.23 
TiO, 0.75 0.86 
MnO 0.06 0.05 
H,0 — 0.12 


The glassy state of tektites suggests that they formed at high 
temperatures and cooled rapidly. The shapes suggest that tek- 
tites were formed as they traveled through air at high speed. 


Various suggestions have been made explaining how these 
unusual objects formed. Four stand out — terrestrial volcanism; 
lunar volcanism; terrestrial meteorite impact; and lunar meteorite 
impact. Formation by terrestrial voleanism had long been dis- 
carded because of the chemical composition of tektites, which 
differs greatly from volcanic rocks of the earth, and because the 
velocities of terrestrial eruptions are not high enough to scatter 
tektites over the wide areas in which the tektites are found. 
John O’Keefe in 1978 favors the theory of lunar volcanism in 
view of findings from Apollo lunar landings, recent studies of 
tektites found in Irgiz, Kazakhstan, arguments based on chem- 
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istry, and evidence from aerodynamic experiments. D. H. 
Stauffer (1978), on the other hand, favors meteorite impact as 
the origin of the tektites strewn over a vast Australian field, 
which includes the Philippines. Stauffer attempted to pinpoint 
the impact crater that produced such a large field and he spec- 
ulates that it is the size of the Mekong delta in Indochina. The 
suggestion is difficult to accept. 


If these tektites came from the moon, samples already estab- 
lished to have come from that source may be gathered in the Phil- 
ippines, where these abound, readily available for analysis and 
eliminating the necessity for a lunar trip. Philippine tektites are 
likewise useful in archaeology because they would provide a time 
marker of 750,000 years, which could be correlated across the 
sea to Indochina, Indonesia, and Australia. 


Celestial fire was not the only source of disruption in this 
warm, tropical haven during the Pleistocene. Earth fire in the 
form of volcanic eruptions were frequent, undoubtedly sowing 
fear and inspiring awe all at once, as in fact they still do in our 
time. This mixed feeling of reverence and fright contributed to 
the idea that mountains were dwelling places of gods and god- 
desses. In this way myths and legends developed around vol- 
canic mountains. 


Voleanic activity during the Quaternary deposited vast 
amounts of ash and lava over islands of the archipelago. The 
foundations of Manila are built on volcanic ash deposited during 
the Pleistocene. This consolidated ash, known as the Guadalupe 
tuff, after the quarry in the Guadalupe bridge area where the 
tuff was originally studied and described, blankets a large por- 
tion of the Luzon Central Valley, Rizal, Laguna, and Batangas. 
Layering and other features in the tuff indicate that some por- 
tions were laid down under water. Silicified wood, grass, twigs, 
and leaf imprints indicate that there were forests and grasslands 
nearby where stegodon, elephants, deer and other animals brow- 
sed. In some places, these land animals are preserved as fossils. 
The tektite layer in the Guadalupe tuff indicates that the tuff is 
at least 750,000 years old. Sharks’ teeth recovered at deeper 
portions suggest that the early deposits were laid down in the 
sea. Manila Bay may have been connected with Laguna Bay. 
Subsequent faulting and uplift along the Marikina fault formed 
a barrier between the lake and the Bay. Uplift of the Antipolo 
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plateau and the relative movement downward of the adjoining 
block gave rise to the Marikina Valley. 


The source of the widespread Guadalupe tuff is not yet 
established. Similar deposits are found at the rim of Taal Vol- 
cano, an active voleano which is a caldera. The caldera rim 
forming the Tagaytay ridge is believed to be the remains of a 
larger volcano known as Great Taal. This giant volcano was 
shattered by a mighty eruption, possibly much like that of the 
Krakatoa in the last century. The remaining crater formed a 
lake in the center of which the present day Taal is found. 


North of Taal, there is a north-south trending line of non- 
active and dormant volcanoes in Zambales and Bataan. One of 
these volcanoes, Mt. Pinatubo, erupted 600 to 8000 years ago. 
During this period, voleanic debris with a total volume of 7.5 
cubic kilometers was deposited on its western side and covered 
an area of about 250 square kilometers. An equivalent amount 
was deposited on the eastern side of Bataan during the eruption 
of Mount Natib about 30 to 100 thousand years ago. The history 
of eruptions of Mount Mariveles and Mount Natib has been 
demonstrated, by radiometric dating for the studies on the Nu- 
clear Power Plant site, to have spanned a period. over two mil- 
lion years. 


A description of the eruptive history taken from the report 
on studies for the Nuclear Power Plant site follows: 


“..application of statistical methods... indicates that 
volcanism forming these major edifices proceeded fairly 
rapidly initially through a span of perhaps 300,000 
years, starting about 2.3 million years ago. Relatively 
few flows or intrusives have been sampled from the 
period between 2 million and 1.2 million years ago, sug- 
gesting a relatively quiescent period. A strong renewed 
pulse or episode of activity is suggested by numerous 
flow and intrusive rocks with ages between 1.2 million 
and 500,000 years... available for sampling on Bataan. 
A second quiescent period, possibly representing cessa- 
tion of voleanism in Bataan or stoppage of subduction 
in the slab below, started about 500,000 years ago.” 


The history described above shows that volcanic activity persisted 
through the Pleistocene. A similar history may be expected of 
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Quaternary volcanoes of similar size in other areas. Mt. Arayat 
in Pampanga was dated radiometrically in the same study to be 
500,000 years old. To the north, along Pangasinan and Tarlac, 
is a cluster of four volcanic centers dated to be 1.1 to 1.6 million 
years old. 


Further north, in Batanes, the northern tip of the Philip- 
pines, there is also a cluster of active volcanoes, namely, Smith 
Volcano, Babuyan Claro, Didicas Voleano, and Camiguin de Ba- 
buyanes. In the Eastern Philippines, a long chain of active and 
inactive volcanoes extends from Camarines Norte to Cotabato. 
In Sulu, the Voleano Bud Dajo shows solfatarie activity, or hot 
spring emanations. Kanlaon is an active voleano on Negros Is- 
land in the Visayan Sea. North of Mindanao, the active volcano 
Hibok-Hibok is famous for its glowing avalanche. In Central 
Mindanao, there is a volcanic cluster consisting of Calayo, Ba- 
gang, and Macaturin. 


If these volcanoes follow a pattern of growth and eruption 
simiiar to those found in Bataan and Zambales, then they were 
already part of the Philippine landscape when early man reached 
the archipelago. Because of the widespread distribution of vol- 
canic centers, the inhabitants of the archipelago did not have to 
travel far to see a volcano. Presumably, earthquakes and occa- 
sional tidal waves rocked the islands of the Philippines during the 
Pleistocene. 


The young volcanic rocks formed a cover over Pliocene and 
older rocks. Most of them are gently dipping or flatlying. Re- 
cent movements of faults have offset or moved even these Qua- 
ternary formations of rocks. In the Magat Dam site in Isabela, 
Pleistocene tuffs are displaced along with very young deposits 
of river gravel by a gently dipping fault known as a thrust fault. 
A total movement of about five meters is indicated by the fault. 


In the Tayabas Isthmus, coconut trees, bridges, sand dunes 
and many other surface features are displaced to the extent of 
one to two meters by a single movement of the Philippine fault 
during an earthquake. The earthquakes we experience are the 
result of movement along the fractures in rocks known as faults. 
Stress pent up in the earth is released by sudden movements, 
producing earthquakes. The Philippines today, as in the past, 
is a site of numerous earthquakes on account of its geologic set- 
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ting. Because the Pleistocene Philippines is very similar in geo- 
logic environment, it is safe to presume that earthquakes, phe- 
nomena common in this Pacific belt of fire, also tore through 
the lives of early Filipinos. Volcanic earthquakes are also pres- 
ent during volcanic eruptions. 


Besides volcanic rocks, other young features of the archipel- 
ago formed during the Pleistocene are sand and gravel deposits, 
soil and alluvium, and coral reefs. One of the unusual reefs 
formed is the double barrier reef in Bohol. The double barrier 
reef, illustrated in the plates, is interpreted by M. Pichon (1977) 
as having been formed by a combination of two processes — favor- 
able tidal currents and initial growth as a fringing reef, followed 
by subsidence and resumption of growth in the inner barrier. 


Although the period of geologic time covered by the Qua- 
ternary is short compared with the other epochs and periods of 
the prehistory of the Philippines, it has nonetheless produced 
important fuel and mineral resources for the Philippines. The 
preponderance of volcanism during the Quaternary created a na- 
tural setting for geothermal energy. In some places, this vol- 
canism was accompanied by mercury deposits. Chemical break- 
down of rocks at the surface formed the life-giving soil that 
supports us, along with plants and animals. In some places, 
these soils are useful by themselves as sources of clay for cera- 
mics and pottery; in other places, the soils are enriched with 
nickel, iron, or aluminum. The transport of rock debris by streams 
and the winnowing effect of the waves of the sea also produced 
concentrations of minerals known as placer deposits. The rock 
debris themselves are useful as construction material in the form 
of gravel and sand. 


Geothermal energy consists of heat flowing from the earth’s 
interior. The amount of this heat is usually negligible in most 
areas but in island arcs like the Philippines, there are areas 
where the heat of the earth is abnormally high. These reservoirs 
of geothermal power are intimately related to the young volcan- 
ism of the Quaternary. Most of these areas are found near the 
Philippine fault. However, there are also andesitic and dacitic 
voleanoes found along the margin of the intrusives in the Cen- 
tral Cordillera of Luzon which likewise are potentially produc- 
tive as geothermal areas. Extinct or non-active volcanoes in 
Bataan, Zambales, Mindoro, Marinduque, Southern Negros, Misa- 


160 / Tadhana: The Quaternary 


mis Occidental, and Cotabato still manifest internal heat and hence 
could still be tapped for this form of energy. Active volcanoes in 
Laguna, Batangas, the Bicol Region, and Northern Negros are 
definitely geothermal areas. Leyte, Surigao del Norte, and Da- 
vao del Norte, because of their proximity to the Philippine fault, 
also have excellent potential as concentrations of geothermal 
force. Other known geothermal areas are in Palawan, Cebu, An- 
tique, and Capiz. 


Hot springs associated with volcanism had been used in the 
past mainly for health. The early Spaniards, carrying the Latin 
tradition of hot baths, were particularly attracted to the hot 
springs beside Mount Makiling and there they built the town 
of Los Bafios and made it famous. Today, these hot spring areas 
will benefit millions of Filipinos with the power that may be 
generated from them. 


The Tiwi geothermal field in Albay, for example, will pro- 
vide energy not only for the Bicol Region but also for the South- 
ern Luzon Grid. The development of the geothermal field will 
benefit the nation as its crude oil requirements are reduced with 
the development of this indigenous form of energy. 


Other geothermal areas are at the exploration and develop- 
ment stage. One recently explored and now being developed is 
a site in Tongonan, Leyte. Hot springs on the surface and other 
favorable geological, geochemical, and geophysical features justi- 
fied initial drilling to a depth of 610 meters. From it flowed hot 
water with temperatures reaching 190°C, and with a chloride con- 
tent of 1.5%. On July 24, 1977, a three-megawatt unit was in- 
stalled and now supplies electricity to Ormoc City. By 1981, 112 
megawatts will have been generated, enough to satisfy the indus- 
trial needs of Leyte and supply power to a copper smelter 
scheduled for construction there. 


Quaternary volcanism also brought along with it metallifer- 
ous deposits in some areas. Near Baguio City, a pipelike vol- 
canic structure known as the Balatoc plug forms the host for 
gold deposits in Acupan. This mine also encounters hot water 
on some levels, indicating that there is an underground hot spring 
which produces water very close to boiling. Gold occurs in veins 
passing through the plug and along margins of the plug where 
fracturing of the rocks produced an aggregate of broken rock 
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known as breccia. Some zones of the mine contain charred 
wood, indicating that forests existed above the volcano when the 
gold deposit was formed. 


In Sibuyan Island and in Palawan, mercury deposits are asso- 
ciated with silica bodies presumably deposited by former hot 
springs. Closely related to these bodies are ultramafic rocks. 


Non-metallic deposits are also derived from volcanic activity. 
Bentonite, a result of the transformation of volcanic glass to clay, 
has a variety of uses, from drilling to the foundry industry. 
Volcanic glass in Albay produced deposits of perlite which is used 
in the manufacture of steel. 


Voleanic rocks are also useful as construction material. 
Adobe, used by Filipinos in the past as well as today, is an at- 
tractive rock formed by the consolidation of broken products of 
explosive volcanism. Multicolored adobe contains darker pebble- 
sized rocks which are porous. Known as volcanic bombs, they 
were formed by gases expanding in the molten lava. Thus they 
are bubbles frozen in the rock. Adobe is quarried from the Gua- 
dalupe tuff underlying Metro Manila. Studies in the composition 
of this tuff also show that it is suitable as an additive in the 
manufacture of portland cement. 


Tektites that fell during the Pleistocene in the tuff of Manila 
and its vicinity, and in the soils of Pangasinan and Camarines 
Norte, have yielded scientific information on processes in the 
evolution of the universe, but they may also be used as gem- 
stones. Local handicraft manufacturers have used these objects 
in jewelry. 


Weathering, the chemical breakdown of rock into soil, is an- 
other process that formed important sources of metals. The 
weathering process is a means of removing some constituents of 
the rocks, leaving only the metals. In this manner, nickel, for 
instance, which is present in minute quantities (about 0.2%) in 
ultramafic rocks, becomes enriched about five times to form what 
is known as nickeliferous laterite ore. The formation of laterite 
ore is favored by a tropical climate, abundant rainfall, gentle 
topography, and adequate drainage to transport the dissolved pro- 
ducts of weathering. These conditions are satisfied in areas un- 
derlain by ultramafic rocks in Surigao, Palawan, Zambales, and 
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Davao. Other ultramafic areas in the Philippines are also 
prospective targets for exploration. 


Nickel is a new product of the Philippines. In 1978, it dis- 
placed gold from the second place in mineral production in terms 
of value. A billion tons of ore reserves in Nonoc assures an 
adequate quantity of nickel for future production. Several bil- 
lion tons may be expected from the other laterite areas. The 
process of laterization also raises the amount of iron present in 
the soil; the larger part of the iron resources of the Philippines 
is therefore in the soil. When these become extractable, the 
Philippines will be more than self-sufficient in terms of this ex- 
tremely important industrial metal, for steel is the backbone of 
industrialization. 


The weathering process also produces soils enriched in alum- 
inum. The aluminum ore known as bauxite is derived from var- 
ious rocks, preferably those deficient in silica iron. Ultramafic 
rocks are therefore not suitable as starting material for the form- 
ation of bauxite. In the Philippines, bauxite is found in Samar 
in areas underlain by limestone. A tropical climate and abundant 
rainfall are favorable for the enrichment of aluminum, as they 
are for laterite. There are other areas where these conditions 
and the suitable source material are present in the Philippines. 
Although there is no present production of this metal important 
in the making of products used every day by many Filipinos, the 
aluminum resources of the land will eventually be developed hand 
in hand with other important resources. 


Broken rock and soil are transported by streams, so that 
they eventually find their way to the sea, the graveyard of all 
things. In the process of being thus transported, the rock and 
soil yield heavy and stable minerals which then become concen- 
trated in the form of placer deposits. The concentration could 
also take place by the winnowing action of sea waves. Among 
the minerals that form placer deposits are gold, magnetite (iron 
ore), chromite, rutile and ilmenite (titanium ore), cassiterite (tin 
ore), platinum, and diamonds. Placer gold and magnetite have 
been mined in the Philippines. Gold in placers is found in Para- 
cale, Camarines Norte, and in Agusan, Surigao, Mindoro, Isabela, 
Rizal, and Pangasinan. Magnetite forms sand deposits along the 
La Union shore, Cagayan, Zamboanga del Norte, and Leyte. 
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Some deposits of magnetite contain significant amounts of tita- 
nium. Recently, some black sands have been found to be rich in 
chromite. 


There are also placer deposits of non-metallic minerals. 
Important deposits of quartz (silica) used in the manufacture of 
bottles, glassware, and ceramics are found in Palawan. In 
streams and on beaches, ordinary sand and gravel are extracted 
for use in construction. Sand and gravel are also in fan-shaped 
deposits at the base of mountains where streams drop their load 
as gentler gradients of the plain are reached. 


Inasmuch as the shore line may have been either farther in- 
land or farther offshore during the Pleistocene, depending on the 
extent of glaciation, placer deposits formed by wave action may 
be found in areas inland or beneath the sea. Stream placers may 
also occur along submerged coasts where Pleistocene streams 
have been drowned by sea, which has risen since the last Ice 
Age. Tin placers are being mined offshore in Indonesia. Off- 
shore deposits in the Philippines have been barely explored or 
tapped. It is evident, then, that the sea stores hidden wealth 
upon which future generations may have to depend for a better 
life and even for survival. Detailed knowledge of the amount of 
Quaternary vertical movements of the land and sea would be use- 
ful guides in the search for these resources. 


The present and the future are part of the relatively short 
Quaternary Period. The emergence of man, his rise to pre 
eminence, the growth of culture and the development of tech- 
nology in the effort to reach to the heavens, to uncover rocks to 
read the unwritten past, to dig deep into the earth to draw re- 
sources for the benefit of man, to understand the environment 
to protect life and improve its quality, are among the manifesta- 
tions of human intelligence and action that make this brief period 
unique in the history of the universe. Man reached the Philip- 
pines during the Pleistocene in search of shelter or respite from 
the severe cold in the North. The islands of the Philippines pro- 
vided more than a warm environment; they also offered a bounti- 
ful one, profuse with deer, boar, elephants and other animals. 
In it plants flourished. Through the centuries, this hospitable 
island and its plentiful environment — along with its topography 
of mountains, valleys, and plains, underlain by ancient rocks in 
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which lies untold mineral wealth hoarded as if b 
spirit — composed itself into the mold tha 
Filipino people, the innumerable gen 


achieved a sense of lasting kinship 


had traveled, the safety anaes 
tainty of home. "re 


Chapter Six 


EVOLUTION OF THE 
ARCHIPELAGO: A SYNTHESIS 


Al... a possible few others of the innumerable planets in 
the numerous galaxies strewn over the universe, earth has been 
favored with conditions hospitable to life. The Philippines 
shares with the rest of the earth the features of land and sea 
that have supported, and enhanced, life. Fortunately, its share 
of these life-giving elements has been both ample and colorful, 
providing the country an identity of which Filipinos can be justly 
proud. Over various eons and epochs covering fifteen billion 
years, these elements took form, in a process of birth, death, and 
transformation that may continue interminably. The results of 
this process in the Philippines, reviewed from epoch to epoch, 
yield a geologic and geographic profile which summarizes the 
nature and expanse of the prehistoric setting upon which the his- 
tory of the Filipino people is laid. No less than history itself, 
this prehistoric setting has all the tensions and surprises of dra- 
ma, with land, sea and the principle of life holding the center of 
the stage. 
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F OR billions of years the process of creation and evolution 
built a universe upon which is composed, in ways often surpass- 
ing comprehension, the substance of the planets and the galaxies. 
Fortune or celestial wisdom has ordained that some of these par- 
ticular spheres in the cosmos shall invite and sustain life. Such 
a sphere has been the earth, the environment known to man, or 
the type of man of which we are so far aware. In this environ- 
ment the dynamism required for life, the rhythm of growth, de- 
struction and change, has been made possible by lands and oceans, 
and by their separate elements fortuitousiy arranged to provide 
life its resources and horizons, From these elements emerged the 
common origins of life, four billion years ago, and of mankind 
and its aborigines, forty million years ago, by means of a process 
still largely mystifying. Particular localities on this life-giving 
planet treasure their shares of these common ejements. Thus, no 
less than other localities of earth, the home of the Filipino people 
has its fertile plains, lush forests, long and lofty mountain ranges, 
scenic beaches, and magnificent reefs to support life and fill the 
senses. 


Before rocks in the Philippines received imprints of man’s 
presence in the archipelago, they already bore other records that 
now enable us to glimpse the prehistoric past, its changing clim- 
ates, its varieties of life, the turbulence that marked numerous 
transitions from eon to eon. The earliest record of life in these 
shores is a Carboniferous coral in Mindoro that lived in tropical 
seas more than 270 million years ago. Still existing rocks of the 
Permian period, which succeeded the Carboniferous, contain more 
varied life forms, including conodonts and foraminifera found in 
the rocks of Mindoro, Romblon, Panay, and Palawan. Permian 
sedimentary rocks in Palawan lie on top of older metamorphic 
rocks. These metamorphic rocks, such as schists and gnessis, 
have undergone a cycle of deposition, burial and transformation 
under high temperatures and extreme pressure. Metamorphic 
rocks characteristic of a continental terrain are found in many 
areas besides Palawan and Mindoro; these include Ilocos Norte, 
Quezon, Albay, Romblon, Panay, Cebu, and Zamboanga. In Pala- 


wan, these old rocks were formed before the Permian; in Mindoro, 
they would be Carboniferous, or older. 


Pollen grains recovered from oil exploration wells in offshore 
areas of Palawan and in the Reed Bank show that by the middle 
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Fiuctuations in temperature for the Western Equatorial Pacific during the Quaternal 
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LEFT: Shape of the Philippine Archipelago above 100 meters. Orange areas would remain above the sea if the 
level were to rise 100 meters. 


ABOVE: The rise of the sea level during the Holocene. The sea level wes lower 9000 years ago. A world-wide 


rise accompanied the melting of glaciers. ) 
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Paleogeographic Maps of Northern Luzon and China during the Pleistocene (after C. C. Lin 1963) 
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LEFT: The Double Barrier Reef of Bohol. 


ABOVE: Cross section of the Double Barrier Reef of Bohol. 


ABOVE: Projection of the position of the north magnetic pole as indicated by igneous rocks of various ages 
from Northern Luzon. The diagram shows how the poles have wandered through time as 
recorded in Philippine rocks. 
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RIGHT: Polar Wandering curves of the Philippines (P) North America (N.A.), Australia (A), India (1) Eurasé 

(EA) are indicated by red curves, These show the apparent position of the North Pole during 
past geologic times. The curve for the Philippines is closely related to the curves for Australia 
and India. 
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These diagrams illustrate the complex geologic history of Southern Mindoro which involved the 
deposition of sediments on an ancient foundation of Paleozoic rocks uplift, folding, faulting, 


and volcanism. 


SCHEMATIC SECTIONS SHOWING THE EVOLUTIONARY PATTERN 
OF SOUTHERN MINDORO GEOSYNCLINE 


EVOLUTIONARY STAGES: 


GENERATIVE STAGE: Late Paleozoic-Jurassic. Embryonic downbuckling of the miogeo- 
synclinal-type furrow. Deposition of Mansalay Formation. 


INITIAL DEVELOPMENT STAGE: Early Cretaceous. Arkose-chert-spilite stage. Initial 
uplift of the basement rocks. 
j 
FINAL DEVELOPMENT STAGE: Late Cretaceous-Early Paleogene. Ophiolitic magmatism 
with later flysch filling of the geosyncline. Upbuckling of the 
Mansalay Formation. 


OROGENIC OR TERMINAL STAGE: 
1.) Late Paleogene keratophyric- andesitic volcanism; thence upthrusting of the 
eugeosynclinal-type black shales in the hinterland. 
2.) Neogene miogeosynclinal- type molasse deposition. 


POST-GEOSYNCLINAL PERIOD; Late Neogene-Pleistocene. Completion of molasse deposi- 
tion. Intrusions of diorite and related hypabyssal bodies. Ter- 


minal volcanic activity mostly vent eruptives and lava flows. 
Positive and negative vertical movements. 


oe -Late Neogene-Pleistocene vent volcanics and lava flows. 


cea -Neogene Intrusives (Diorite, etc.) 


ae | -Neogene molasse deposits 


ee | -Late Paleogene (Oligocene) Keratophyric and (or) andesitic 
flowrocks 


a -Early Paleogene (Eocene) black shales and flysch deposits 


| ) -Late Cretaceous-Paleogene serpentinized ultrabasic rocks 
Ey -Early Cretaceous-Paleogene rocks: 1. Arkose; 2.Chert-spilite 
| -Jurassic clastic suite (Mansalay Formation) 


Pa -Middle-Late Paleozoic Mindoro Metamorphics 
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LEFT AND ABOVE: 
Cross sections showing the Geologic Evolution of Luzon Central Valley according to Beicip (1977) 


A - About 30 MILLION YEARS AGO, a volcanic chain along the present day location of 
Sierra Madre developed. To the west marine sediments started to accumulate in the 
Central Valley basin on top of older rocks. 


8 - Subsidence persisted during the next 10 million years. The sedimentary deposits became 
thicker. 

c - About 15 million years ago, the Zambales range developed west of the central valley 
basin. 

o - As the sea retreated during the fast million years, the Central Plain of Luzon became 


land, 


Plate Tectonic reconstruction of SE Asia according to Audley-Charles (1976) and Beicip (1977) 
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of the Mesozoic eon a great variety of plant life was flourishing 
in the Philippines. The dominance of the gymnosperm Classo- 
pollis associated with Auracaria and ferns shows similarity be- 
tween Philippine and Australian flora in Mesozoic times. Classo- 
pollis, Auracariacites australis, and Zonalapollenites dampieri, 
found in the Palawan and Reed Bank wells, are also found in 
Ceylon and in Australia, both fragments of the supercontinent 
Gondwana. Thus the earliest rocks of the Philippines, found to 
have belonged to a continental environment, may also be fragments 
of Gondwana. Studies of ancient magnetism in Philippine rocks 
by Hsu, reported on in 1971, suggest that the Philippines, like 
Australia and India, had drifted northward beginning with Early 
Tertiary times. These studies will be discussed again later in 
this chapter. 


Toward the end of the Mesozoic, a profound change in the 
crust underlying the Philippines affected the whole region and 
neighboring areas. The continental crust and land areas are sub- 
merged, while large volumes of volcanic rock are deposited on the 
seafloor. This episode extended to the Early Tertiary times (the 
Paleogene) and is identified by the ultramafic masses emplaced 
during the period beneath many areas of the Philippines. Up- 
heavals during this period result in the injection of igneous 
bodies (plutons), such as those in Central Cebu, Negros, Panay, 
and Mindanao. The ultramafic areas contain chromite and nickel 
deposits; the plutons, richer in silica, contain large copper depo- 
sits. During this time, too, mangrove and beach forests contain- 
ing nipa palms, palomaria, screw pine (pandan), climbing fern 
(nito) and fishtail palm fringe the land in many places. Inland, 
many lowland areas have dipterocarp forests. High elevations 
support trees of the lower montane forest and the mossy forest. 
Various algae thrive in shallow marine areas. In swamps, abun- 
dant vegetation exists, to be eventually converted into some of 
the coal now found in Polillo and Catanduanes. A varied topog- 
raphy exists even during early Tertiary times. 


The framework of sedimentary basins is established toward 
the end of the Paleogene. Land surfaces exposed during the 
turbulent beginnings of the archipelago subside along troughs 
which eventually reach depths of thousands of meters in relation 
to present sea level. These severe deformations of the crust also 

/ raise certain areas by thousands of meters during the Neogene. In 
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this period, too, plutons are again emplaced along these areas of 
uplift that today constitute the magnificent mountain ranges in 
various parts of the archipelago and form the backbone of 
islands. Large amounts of sediment are eroded from these rising 
areas to fill existing troughs and form what are now the valleys 
of Northern Luzon, Central Panay, and Mindanao. Crustal defor- 
mation also results in the sliding past each other of large blocks 
along the Philippine fault. Numerous gold deposits develop in 
association with the Philippine fault. Most plutons injected 
during this period also contain rich deposits of copper; a few 
form iron deposits. 


Abundant life thrives on the trepical islands and Philippine 
seas during the Neogene. Numerous molluses inhabit Philippine 
shores along with crabs, sea urchins and even sharks. In the 
shallow portions of the seafloor, coral reefs analogous to those 
we see today fringing numerous islands or growing into atolls ==» — 
develop in the Miocene seas. These reefs with their Bee a < 


Uplift of sections of the earth is wiapseant at the 
Neogene. The phenomenon exposes areas above the | 
the sea, to serve as land bridges on which plants grow 
mals, including man, could pass to and from these islands. 
climatic changes affect the level of the sea and the distri 
of continental ice sheets. During times of glaciation 
amounts of seawater are drawn from the oceans and soli 
ice, depressing the sea level. Submarine ridges are exposed 
with shelf areas around the Philippines. The latest 
episode ended about 6000 years ago; since then, the sea 
has risen and submerged large tracts of land around islan 
the Philippines. Consequently, islands formerly connected 
separated by shallow seas. : 


On the archipelagic landscape that is the home of the early 
Filipinos, in surroundings marked by forests of mangrove, nipa, 
rattan, bamboo, ferns and forests of dipterocarps, pines and grass- 
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fands, the Philippine Adam had such useful companions as ele- 
phants, rhinoceri, deer, boar, buffaloes, turtles, and clams. Boun- 
tiful food came from the seas, rivers, plains, and forests, and life 
flourished. Warm climate persisted here, in contrast to the North, 
where the glacial climate provided a harsh environment for living. 


The complex history which the archipelago has undergone is 
specially reflected in some areas like Mindoro, where rocks of 
different ages are found. An interpretation of the geologic his- 
tory of Southern Mindoro is summarized in the sections con- 
structed by Rolando de Guzman in 1975 and reproduced 
here as the Plate entitled “Schematic sections showing the evo- 
lutionary pattern of Southern Mindoro Geosyncline.”’ 


A cycle of metamorphism produces a landmass which becomes 
the foundation upon which marine sediments — limestone and 
sandstones — are deposited. This happens during Late Paleozoic 
time. Deposition of sediments washed down from highlands in 
the north and northeast continues until the Jurassic as, gradual- 
ly, the metamorphic basement subsides. Swamps and open marine 
conditions characterize the basin on which the sediments settle. 
Molluscs flourish in this ancient sea. 


The next stage in the evolution of Southern Mindoro is 
marked by the upsurge of submarine volcanic rocks (spilite) 
along with the deposition of chert (a silica rock) and sandstones. 
This takes place during the Early Cretaceous, which commenced 
about 135 million years ago. The sandstones rich in quartz and 
feldspars are deposited along the margins of the basin. A suite 
of ultramafic rocks, spilite, and chert develops with the initial 
elevation of the margins of the basin. In the Early Tertiary, the 
subsiding basin is filled with products of erosion of the rising 
ridge — thick deposits of black shale, a fine-grained sedimentary 
rock consisting of silt and clay. Toward the end of the Eocene, 
sandstones, shales, and tuffs (deposits of ash from volcanoes) 
are deposited in Southern Mindoro. 


A powerful movement of the earth brings the Central Min- 
doro Divide to great heights during Middle Miocene times, at the 
same time that a similar heave further north, in Zambales, raises 
the Zambales range. The uplift during the Miocene also results 
in the transformation of marine areas to land areas bordered by 
swamps. Other transitional areas, like Bulalacao, at the south- 
ern tip of Mindoro, and Semirara Island, further south, would be- 
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come sites of coal deposits. Erosion would strip older sediments 
from the uplifted areas during the Neogene. At this time, plu- 
tonic rocks are injected and during later stages, volcanism be- 
comes the expression of the waning igneous activity. 


After the Miocene and until the Quaternary, faulting and 
folding influence the formation of the rocks of Mindoro. The 
combination of erosion and earth movements gives rise to a va- 
ried topography on the island. In Semirara, submergence of the 
island during Late Miocene time results in the deposition of lime- 
stone. Toward the end of the Miocene or during the Early Plio- 
cene, folding affects older rocks. Also during the Pliocene, there 
is a period of emergence followed by submergence. During the 
Quaternary, a gradual emergence of the island brings terrace 
gravel up to different parts of the island. 


This fascinating rhythm of submergence, folding, uplift, and 
igneous activity is found in many other islands of the archipe- 
lago. The evolution of the Central Valley Basin of Luzon during 
the Cenozoic illustrates how troughs develop in many major is- 
lands. The illustration in the plates labelled “Cross sections show- 
ing the Geologic Evolution of Luzon Central Valley” is an inter- 
pretation of the history of the Central Valley of Luzon based on a 
plate tectonic model, as proposed by the geologists of BEICIP, a 
French petroleum institute. 


The regional framework for the evolution of the Central 
Valley is depicted in the figure labelled “Plate tectonic recon- 
struction of Southeast Asia” with the Philippines considered 
part of the Asian continental plate’s eastern margin up to Juras- ~ 
sic times. A fragment of the rim gradually shifts from the 
Asian continent during the Cretaceous with the opening of the 
South China Sea. This interpretation is an alternative to the 
suggestion that the Philippines is underlain by fragments of 
Gondwanaland, which was discussed earlier. Both interpreta- 
tions, however, recognize an early continental episode in the evo- 
lution of the Philippine archipelago. 


Geologists who studied Luzon in connection with the con- 
struction of the nuclear power plant in Bataan place the opening 
of the South China Sea at a later time, during the Oligocene. 
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They also adopt an interpretation of the geologic history of Luzon 
in terms of a plate tectonic framework. Their interpretation, 
however, incorporates ideas of Froilan Gervasio which define 
three stages in the development of the pre-Tertiary basement. 
During the first stage, in Gervasio’s conception, a late Carboni- 
ferous event deforms, subjects to metamorphism, and uplifts an 
older sequence of volcanics, sedimentary and ultramafic rocks. 
Erosion of voleanic and continental material during the Permian 
creates debris which is later deposited as thick sequences of shales 
and sandstones. A late Permian event of mountain building sub- 
sequently deforms, metamorphoses, and uplifts these rocks. The 
pre-Jurassic basement complex is therefore the product of the 
Carboniferous and Permian episodes of mountain building. These 
construct land areas from which Jurassic and Cretaceous sedi- 
mentary rocks are derived. Interlayered with conglomerates, 
sandstones, and shales are basaltic lava flows indicating an in- 
crease of volcanic activity through time. 


All these units are again subjected to deformation and uplift 
during the Early Tertiary. During this time ultramafic rocks are 
emplaced and basaltic lavas are generated. The geologists of 
the nuclear plant site relate these events to a northwest-south- 
east extension of the crust, partial melting of the crust and move- 
ments of the seafloor. During the Eocene, lava flows develop and 
quartz diorite intrusives are formed in Southern Luzon. The 
pushing of the seafloor underneath the crust of the Philippines 
from the east results in the construction of a volcanic are along 
Sierra Madre. 


Rocks formed before and during Early Tertiary times there- 
fore comprise the foundations upon which younger rocks are de- 
posited in the Central Valley and other areas of Luzon (and 
the Philippines in general). Submergence of the Central Valley 
begins in the Late Oligocene and produces deposition of marine 
shales and sandstones. Limestone is deposited along the Sierra 
Madre. Volcanism during the Early Miocene also supplies ma- 
terials that form part of the rocks filling the basin, which deepens 
toward the west. 


Another major advance of the sea starts during the later 
part of the Early Miocene — carbonate rocks are deposited on a 
platform along the northern and northeastern rim of the Central 
Valley Basin of Luzon. During the early part of the Middle 
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Miocene, voleanic activity forms islands with surrounding tidal 
flats. The Zambales Range also starts to emerge, making a new 
atage in the development of the basin. Unlike earlier times, 
when most of the sediments came from the east and the north, 
in the early Middle Miocene a new source now supplies the basin 
with the debris of erosion. The rise of the range also creates 
a barrier which isolates the basin from the sea. A new volcanic 
arc in the western part of the basin develops along a zone plung- 
ing eastward where the oceanic floor of South China is pushed 
beneath the crust of Luzon, in what is called a subduction zone. 


Quartz diorite intrusives are emplaced during the Miocene. 
Numerous episodes of local and regional uplift form land areas 
and produce gaps in the record of sedimentary rocks. During 
the Middle Miocene, another cycle of transgression develops small 
reefs in the Central Valley. Tidal flats are periodically sub- 
merged by debris rushing from the sides of steep mountains exist- 
ing in the Middle Miocene. Small deltas form where rivers flow 
into the marine waters of the basin, now flanked by two moun- 
tain ranges — in the east and the west — and tae 
Cordillera in the north. - 


ad ? 
Another uplift in Late Miocene times again covers tidal me * * 
with deltas. Since the central portion of the basin is thus 
it could hardly be influenced by open marine cond ons, 
amount of debris caused by erosion decreases during wate 
and Early Pliocene times, so that tidal flats again begin | 
Volcanism persists in the adjoining 4 
period of marine transgression ends with uplift and 
affect the whole basin during the Late Pliocene. Th 
and is replaced by flood plain deposits and ¢ 
this time, the site in which subduction takes pla if 
a trough bordering West Luzon to the present locatio 
Manila Trench, An eastward migration of volcanic c 
mraee this shift in subduction. 


spreads a mantle of tuffs over the Central Plain 
now occupied by Metro Manila, Volcanic plugs 
the rocks filling the basin. Alluvial and flood 
once more, to remain until the present. 
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The complex history of sedimentation, submergence, fold- 
ing, metamorphism, igneous activity, uplift, and erosion is re- 
flected in other areas of the Philippine archipelago. It is per- 
ceptible, for instance, in various geologic cross-sections from 
north to south — along Ilocos Norte, across the Cagayan Valley, 
across Panay in the central part of the Philippines, and across 
Mindanao, All through the archipelago, a common history may 
generally be discerned. An old basement terrain with meta- 
morphic rocks may be observed underlying Cretaceous and young- 
er rocks. This is significant in view of the fact that increased 
voleanism occurs, and the archipelagic environment begins in the 
Cretaceous, during which most areas are subjected to defor- 
mations of the crust, giving rise to troughs and mountain chains 
Deformations also result in faults, and movements along these 
faults have contributed to the island and sea topography of the 
archipelago. 


The complex geologic conditions during the Cenozoic are 
also perceptible today in the wide variation of rock units to be 
found in the Philippines. The sequence of the formation of rocks 
representing different geologic periods is summarized in a chart 
prepared by Wataru Hashimoto and Guillermo Balce in 1976. 
The chart shows a wide gap between Oligocene and older rocks 
in many areas of the Philippines. This is consistent with the 
areas where erosion and non-deposition occurred. Another wide 
gap may also be observed between Miocene and Pliocene rocks, 
a gap also found in offshore areas in Palawan where oil wells 
had been drilled. Many areas also show a similar break between 
Pliocene and Quaternary rocks. In addition to the episodes of 
widespread uplift causing these gaps, the chart also shows breaks 
of local origin in the record of rocks. Deformation of the crust 
therefore resulted in the specific uplift of some parts and corre- 
sponding submergence of other parts of the archipelago. The 
chart also shows radioactive dates established for some igneous 
rocks. 


The varied environments and geologic conditions in the Phil- 
ippine archipelago during the Cenozoic make it difficult to de- 
termine correlations between one major island and another, or 
between one basin and another. However, marine fossils have 
been useful in demonstrating the chronological position of sedi- 
mentary rocks. The assemblages of foraminifera recognized in 
the Philippines are shown in the Table on page 174, 


PLANKTONIC FORAMINIFERAL ZONES 
RECOGNIZED IN THE PHILIPPINES 


Globorotalia truncatulinoidea Z, 


Globorotalia tosaensis Z. 

Pulleniatina obliquiloculata Z. 
Sphaeroidinella dehiscens dehiacens Z. 
Globorotalia menardii Z. 


Globorotalia fohsi lobata Z. 


QUATERN. PERIOD 


Globorotalia fohsi Z. 
Globorotalia PerNeCOren se zi 
Orbulina m 


Globigerinoides sicanus/Globigerinatella insueta 


sic ins 
Globoquadrina “rohri” Z. 
Globioerinntd 


Catapsydrax Z. ; 
Globigerina ciperoensis Z. ’ = 


- a) Se 
(Globigerina opima opima Z.) s bis = 


OLIGOCENE 


(Globigerina ampliapertura Z.) J ‘ -_ ery a, 
W 


ae ——— Ti = 
‘1 
- oF 


Hantkenina alabamensis Z. 
(Globorotalia cerroazulensis Z.) 


EOCENE 


Globorotalia velascoensis Z. 


Globotruncana stuarti Z. 
Globotruncana concavata Z. 


Globotruncana helvetica- 
Globotruncana schneegansi Z, 


CRETACEOUS 


Planktonic foraminiferal zones recognized in the Philippines 
(Adapted from Hashimoto and Balce, 1977) 
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These detailed studies of fossils and rocks in the islands of 
the Philippines and offshore areas contribute to a better under- 
standing of the complex geology and prehistory of the Philip- 
pines. No less complex is the evolution of the lands and seas 
of New Guinea and other Southeast Asian neighbors of the ar- 
chipelago, so that a precise correlation of rocks based on their 
fossils and on radioactive dating would allow earth scientists 
studying the region to discover the relationships of events which 
occurred across national boundaries of Southeast Asia’s present- 
day archipelagic environment. 


The evolution of the archipelagic environment of island arcs 
such as the Philippines and Indonesia may be variously inter- 
preted in terms of different theories of crustal movements and 
mountain building. The most successful theory thus far is based 
on plate tectonics. This theory was mentioned earlier in the 
Introduction to this book. It will be recalled that under this con- 
cept the outer shell of the earth, the lithosphere, consists of rigid 
slabs known as plates. These plates overlie a plastic, more flex- 
ible interior known as the asthenosphere. The plates of the litho- 
sphere are generated in zones of divergence such as are found 
in ridges in the middle of the world’s oceans. The new plate 
material formed in these zones pushes away elements previously 
formed. The motion of the plates is believed caused by convec- 
tion currents in the plastic interior of the earth, which is extreme- 
ly hot on account of small amounts of radioactive material and 
of the residue of high temperatures from the early stages of the 
formation of the earth. Heat is transferred from the interior 
and stability maintained by means of convection, the swirling 
movement of hot fluids. It takes place in the atmosphere and 
gives rise to winds. In rocks, the movement is exceedingly slow, 
but it definitely takes place in the molten core of the earth and 
gives rise to the earth’s magnetic field. It could also be present 
in the solid shell known as the mantle, located below the mantle. 
Diverging convection currents would therefore explain why new 
material is introduced to the crust along oceanic ridges. 


Plates converge along subduction zones, and evidence of this 
process may be found in trenches. In these subduction zones, 
one plate is pushed under another. Thus it is believed that the 
Philippine Sea Plate to the east converges with the Eurasian 
Plate along the Philippine trench. West of Manila, the Manila 
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trench is another subduction zone, with the South China Sea 
pushed under the crust of the Philippine archipelago. In these 
zones then plates collide and cause crustal deformation, which in 
turn results in the folding of rocks. Earthquakes therefore take 
place along these zones. As the cold lithospheric plate is pushed 
into the hot interior, it heats up. This heating up, also partly 
caused by friction between the plates, melts some parts of the 
plate; hence, the lava and volcanoes that constitute island arcs 
are closely related to earthquakes and trenches. 


The deformation of the crust resulting from the collisions of 
plates could give rise to mountain ranges and troughs such as 
may be seen today in the Philippines. Behind the belt of moun- 
tain ranges, these zones of crust form marginal seas, like the Sulu 
Sea and the South China Sea. In the mountainous areas, ero- 
sion is rapid and the debris accumulates in the troughs. Down- 
ward movements of the crust also heat up the sedimentary filling 
of basins and convert the loose materials into meamosphic rocks 
Further heating melts some of the rocks and again forms the 
silicate melt known as magma. This is generally richer in silica, 
and during episodes of deformation the magma is introduced to 
higher levels of the crust and there solidifies as intrusive rocks. 
Analyses of isotopes in Philippine intrusive rocks, however, show 
that the few intrusives studied are closely related to the oceanic 
crust. This means that the magma that formed the intrusive 
rocks was probably derived from the melting of the oceanic plate. 


Crustal movements along the zone of collision also send up 
rocks formed at great depths. These rocks are richer in iron 
and magnesium, the ultramafic rocks. As may be recalled, these 
rocks closely resemble the material of which the mantle is believed 
built. Ultramafic belts existing in the Philippines may be used 
to determine the sites of ancient trenches. The subduction zone 
also brings together different rocks to constitute a melange, from 
the French for mixture. In Antique, such a melangem ay be pri 
ent. Dr. Luis Santos Yiigo in 1956 reported that boulders of 
glaucophane schist or blueschist are associated with pee 
Glaucophane is a blue mineral formed at high pressures and rela- 
tively low temperatures, conditions which are difficult to achieve 
except under the postulated situation of cold lithospheric plates 
descending into the hot interior in subduction zones. 
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When downward subduction movements cease, they would 
leave a considerable amount of lighter material, such as sediments 
and the oceanic crust, surrounded by denser material from the 
mantle. An upward movement is necessary to restore equilib- 
rium; this is another mechanism which has created magnificent 
mountain ranges, such as the Himalayas and the Andes. Sub- 
duction is still active today in the Philippines. Young sediments 
in basins have not yet been deformed. They remain buried and 
are continually being covered. It may therefore be said that the 
Philippine archipelago, in the cycle of mountain building, has not 
yet achieved its maximum development. The remark of the 
noted scientist John Katili in 1971 that Indonesia is “a mountain 
belt in statu nascendi” may be equally true of the Philippines. 

The theory of plate tectonics also explains satisfactorily the 
hypothesis that continents have drifted apart. As pointed out 
earlier, there is considerable evidence supporting the possibility 
that the Philippines, Australia, and India were part of Gond- 
wanaland. Other scientists, such as M. F. Ridd, the Tarlings, and 
S. K. Acharyya, have also suggested that Southeast Asia was 
part of this supercontinent. Changes in the patterns of convec- 
tion in the interior may have led to the fragmentation of the 
supercontinent, after which the fragments were carried off in 
different directions, with the plates serving as rafts, 


Studies on the ancient magnetism of rocks help in analyzing 
the motions of the plates. Rocks contain magnetic minerals, such 
as magnetite, the mineral that forms Lodestone. At high temper- 
atures, materials lose their magnetism because ferro-magnetic 
atoms such as iron are knocked around indiscriminately instead 
of being systematically arranged in the crystal structure. Upon 
cooling, the atoms are arranged once more and the magnetism of 
the material again becomes oriented parallel to the prevailing 
field. Igneous rocks therefore may serve as compasses to in- 
dicate the direction of the ancient magnetic field of the earth. 
Studies of ancient magnetism have shown that the earth’s mag- 
netic poles have shifted in relation to the crust, and that the poles 
in different continents have moved along varying paths. The 
movement of the poles, traced by means of polar wandering 
curves as recorded in rocks, has been used to support the theory 
of continental drift and in reconstructing the ancient positions of 
continents. Since it is also an established fact that magnetic 
patterns are formed parallel to oceanic ridges, such patterns as 
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recorded in rocks mark episodes of polar reversals. An analysis 
of the patterns helped in the study of the development of the 
Philippine Sea Plate, as discussed in the preceding chapter. 


As mentioned earlier, I-Chi Hsu studied the ancient magnet- 
ism of Tertiary rocks in Luzon and Marinduque. The results of 
his study are reproduced in the diagrams here, which show that 
Pleistocene rocks had a north magnetic pole essentially coincident 
with the present-day magnetic north pole. As one goes back into 
the past, the deviations increase. The position of the pole indi- 
cates a northward movement of the Philippines, which is to say 
that Luzon at some point in the distant past was located south 
of its present position. 


The pattern of the polar wandering curve of the Philippines 
shows that it follows that of movements related to India and 
Australia. It is markedly different from the patterns established 
for other parts of the world, such as Eurasia and North America. 
Because of this, Hsu concluded that the tectonic devel pment 


this and supports the suggestion that early a pr ] tory 
involved a continental stage, during which the archipelago was 
part of such vast mass of land as Gondwana. This geogr 
condition persisted up to the Jurassic until further frag 
brought the Philippines to its archipelagic stage in t 
Cretaceous. A major rearrangement of the plates | J 
the Early Tertiary. The imprint of this important e 
in the metamorphic belt along the east coast of th 
and in the Paleogene intrusives. The magnetic pat 
motion in the Philippine Sea also record the devel ait ¢ 
Philippine Sea during the Paleogene and the Neo gene 


Among other places in Southeast Asia, the Philipy ines is in 
a unique position because it is affected by three major p 
Eurasian, the Australian, and the Philippine Sea. he 
gence of these three plates adds more convolutions to tk 
complex conditions along plate margins which, however, 1 
to a situation that must have existed since Neogene times and 
perhaps even earlier. A proper unravelling of the prehistory of 
the Philippines before the archipelagic stage must take into ac- 
count its continental beginnings. 
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Studies of Philippine archaeology and anthropology show that 
man was in the Philippines in the Pleistocene. During that time, 
the Philippines had many plants similar to the present-day flora, 
but there were animals that are extinct today. The geography 
and geology of the archipelagic environment were similar in many 
ways to those of the Philippines today, though glacial episodes 
may have turned the climate slightly colder. Present-day off- 
shore areas were exposed so that many islands of the Philippines 
were connected with each other and with lands which are now 
part of neighboring countries. An interchange of animals, plants, 
and culture was facilitated during these periods of low sea level. 


Any number of life forms in the Philippines may have per- 
sisted from earlier times, especially certain primitive plants and 
animals. If this is correct, some may be survivors of the break- 
up of Gondwanaland, which means that they existed during the 
continental stage of the Philippines. During the Early Tertiary, 
Southeast Asia had connections with Eurasia, as shown by the 
presence in Eurasia of tethyn plants that obviously migrated 
from Southeast Asia. Some remnants of the flora of Southeast 
Asia are found today in the Middle East. 


Philippine culture therefore evolved in a milieu containing 
elements that we see today —an island and sea network, tropical 
climate, lush flora and fauna, volcanoes, mountain ranges, and 
earthquakes. The world view of the early Filipinos was shaped 
by this environment, and myths that have reached us by oral 
tradition, such as those narrated in Part II of this Volume, are 
expressions of this view. Political organization, as it is possible to 
recall it today, evolved in response to the archipelagic environment 
of the Philippines. Suitable terrain along bodies of water drew 
men to form settlements; dense jungles and mountain ranges dis- 
couraged mobility. 


It is not yet clear whether some parts of the Philippines ori- 
ginated from the Pacific, but some conditions seems to indicate that 
this is possible. The Parece Varela ridge is a center of seafloor 
spreading or plate divergence. In the Marianas, schists are pres- 
ent, indicating that this island arc has a complex evolution. If 
the continental material in the East coast of the Philippines is 
originally from the Pacific, that area would correspond to the 
legendary land of Lemuria, the analogue of the legendary land of 
Atlantis in the Pacific. 
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This journey into the past beyond the written and cultural 
records of man is an attempt to discover how environments ne 
evolved, how the configurations of lands change with time, how — 
land masses could possibly shift with respect to one another ly ‘ay 
see fragments of mountain ranges which are pitiable remains Or 
once lofty and magnificent handiworks of nature. The 
crust of the Philippines has by turns risen and ‘atten ds 
today are surface expressions of the underlying complex struc- 
ture. Today, processes that took place in the distant D ants aa 
vide Filipinos and other people benefits ir the - orm of priceless 
earth resources. As a result of past geol ogic - processes, the 
ippines has become a vast treasure how e of g 
and chromite. Geothermal energy abo 
tion of the Philippines in the c ‘cum- 
already known to be abundant, v y 
the face of widespread Re eine per 
Oil from ancient rocks, found throug] conti 
sedimentary basins of the Philippines, 1 S expec od 


perhaps eventually all, of the nation’ needs. 


: 
A 


The geological conditions of the 1 nili ppir 
tible to earthquakes and volcanic eruptions. . 
persist. National development plans will 
with these hazards in the future. Techno 
fields of earthquake prediction and pred 
tions will be depended upon to mitigate des’ 


The next million years will probably see the ppine 
ing on through its cycle of mountain building. n 
mountain belt may be fully developed. 


pelago into a continental environment. 


As they stride on to the unknown, Filipinos t 
ture generations will do well to keep on unravelling 
better understanding of the nation’s past geological 
help in the search for more earth resources and prov 
in the construction of important and delicate infra ture proj 
ects, such as dams. The inevitable increase in ypulatior 
through the years obviously necessitates knowledge and ability 
to make maximum use of essential resources, much of which are 
still locked in the depths of the earth. 
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BIBLIOGRAPHICAL NOTES 


Volume I — Part I 


The history of the earth sciences is traced by Frank D, Adams in 
The Birth and Development of the Geological Sciences (New York: 1954). 
A landmark in geological thought is found in the development of uniform- 
itarianism by James Hutton who expounded this concept in Theory of the 
Earth (Edinburgh: 1795). John Playfair gave vigorous support to Hut- 
ton’s ideas in his Illustrations of the Huttonian Theory of the Earth (Edin- 
burgh: 1802). The development of the geological sciences is also covered 
in textbooks on historical geology such as those by the following authors: 
Carl O. Dunbar, Historical Geology (New York: 1960); A. O. Woodford, 
Historical Geology (San Francisco: 1965); and Bernhard Kummell, History 
of the Earth (San Francisco: 1970). These textbooks also discuss the 
evolution of life on earth and the changing environment through the 
ages. Similar topics are included in the eminently readable account of 
David Dineley, Harth’s Voyage through Time (Bungay: 1973). Additional 
background in geological principles may be obtained from basic textbooks 
such as Arthur Holme’s Principles of Physical Geology (New York: 1965) 
James Gilluly, Aaron Waters and A. O. Woodford’s Principles of Geology 
(San Francisco: 1968) or John Verhoogen, Francis J. Turner, Lionel 
E. Weiss, Clyde Wahrhaftig and William S. Fyfe’s The Earth—An Intro- 
duction to Physical Geology (New York: 1970). 


Recent information on the geology and mineral resources of the region 
surrounding the Philippines are gathered in the proceedings of the Third 
GEOSEA Conference edited by Prinya Natulaya, Geology and Mineral 
Resources of Southeast Asia (Bangkok: 1978). Certainly, the monumental 
work of Reinout Willem van Bemmelen, The Geology of Indonesia (The 
Hague: 1949) is a classic and a valuable reference which also contains 
a section on the physiography and geology of the Philippines. Data 
on the geology of Borneo are available from various Memoirs and Bulletins 
published by the Geological Survey Department of the British Territories 
in Borneo and Malaysia. Comparisons of the geology of the Philippines 
and Borneo are made by F. H. Fitch “A Comparison of North Borneo 
and Philippine Geology in its Bearing on Mineral Prospecting,” Annual 
Report of the British Borneo Geological Survey (1958), 76-82; and, “Geol- 
ogical Relationship between the Philippines and Borneo,” Philippine Geo- 
logist 17:1 (June 1968), 41-47. The geology of Taiwan and the Philippines 
is compared by C. S. Hols “Geologic Relationships and Comparison between 
Taiwan and the Philippines” Philippine Geologist 15.2 (June 1961), 59-95. 


The voluminous material on Philippine geology is catalogued in the 
following bibliographies: Juan S. Teves’ Bibliography of Philippine Geology, 
Mining and Mineral Resources 1958-1965 (Manila 1971); and Benigna T. 
Aquino’s Bibliography on Philippine Geology, Mining and Mineral Resources 
1966-1971 (Manila: 1974). The earliest publication on Philippine geology 
by a mining engineer is Isidro Sainz de Baranda’s Constitucion Geognos- 
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tica de las Islas Filipinas (Manila; 1840), A more comprehensive work 
on the geology and mineral resources of the Philippines published during 
the 19th Century is Don Jose Centeno y Garcia’s Memoria Geologica-Minera 
de las Islas Filipinas (Madrid: 1876). This memoir was followed shortly 
by Dr. Richard von Drasche’s Fragment zu einer Geologie der Insel 
Luzon (Philippinen), (Vienna: 1878) which also contained Felix Karrer’s 
Die Foraminiferen der Tertiaren Thone von Luzon. 


Warren Dupre Smith was a prolific contributor to Philippine geology 
during the early part of this century. He recognized the geographic 
importance of the Philippine archipelago in his paper “The Geologie Struc- 
ture of the Philippine Archipelago,” Verh. Geologisch<Mijnbouwkundig Ge- 
nootschap voor Nederland en Kolonien-Geol. Ser. 7 (1924), 461-480. War- 
ren Dupre Smith’s Geology and Mineral Resources of the Philippine Islands 
(Manila: 1924) is a massive general work on the state of knowledge of 
Philippine geology during the early part of this century. Midway in this 
century, another substantial review of Philippine geology was written by 
Grant W. Corby (Geology and Oil Possibilities of the Philippines. Manila 
1951). A few years later, an analysis of Philippine geologic history and 
its relation with adjacent areas is undertaken in Juan S. Teves’ “Philippine 
Structural History and Relation with Neighboring Areas,” Philippine Geo- 
logist 9:2 (March 1955), 18-41. In the decade that followed, important 
papers in Philippine geology are published by Luis Santos-Ynigo (“Island 
Arc Features of the Philippine Archipelago,”) Philippine Geologist 20:3 
(Sept. 1966), 79-92 and Froilan C. Gervacio (“A Study of the Tectonics 
with the Philippine Archipelago,”) Philippine Geologist 20:2 (June 1966). 


51-75; “Age and Nature of Orogenesis of the Philippines,” Philippine Geo- 


logist 20:4 (December 1966), 121-140. 


Despite the error of I-Chi Hsu regarding the development of geological 
sciences in the Philippines, his research on ancient magnetism of Phil- 
ippine rocks is a pioneering contribution in this advanced technique useful 
in unraveling some geologic and tectonic problems (Magnetic Properties of 


Igneous Rocks in the Northern Philippines, Washington University Ph.D. 
Thesis: May 1971). F 

Perceptions of nature by early Filipinos are recorded in myths such 
as those compiled by Laura Watson Benedict (“A Study of Bagobo Cere- 
monial, Magic and Myth,” Annals N. Y. Acad, Sci 25 (May 1916) 1-308 
and C. R. Moss (“Nabaloi Tales,” University of California Publications 
in American Archaeology and Ethnology 17:5 (Sept. 1924), 227-353). 


* * * 


The natural wonders of the Philippines have been the subject of many 
profusely illustrated books. One which appeared recently is Philippines: 
Nature’s Bounty (Madrid: 1979) edited by Santiago Saavedra wherein 
the natural treasures of the Philippines are handsomely depicted. For 
a more technical introduction to the physical and biological setting of the 
Philippines, several texts may be consulted. The textbook Plants of the 
Philippines (Quezon City: 1971) prepared by the University of the Phil- 
ippines Science Education Center Workgroup headed by Consuelo V. Asis 
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is an illustrated book giving an overview of local flora which is easy to read. 
Another informative book on plants of the Philippines and neighboring 
areas in Elmer D, Merrill’s Plant Life of the Pacific World (Washington: 
1945). Elmer D. Merrill’s Flora of Manila (Manila: 1912) and An Enu- 
meration of Philippine Flowering Plants (Manila 1926) are standard re- 
ference works on Philippine plants. Information on forests is found in 
William H. Brown, Vegetation of Philippine Mountains (Manila: 1919) 
and in the more recent work of M. Jacobs, The Plant World of Luzon’s 
Highest Mountains (Leiden: 1972). As a contribution to the unusual flora 
in Mt. Pulog, Jose Vera Santos gives a detailed description of dwarf 
bamboo in “Observations on the Dwarf Bamboo of Mt. Pulog, Benguet, 
Philippines,” Kalikasan, Philippine Journal of Biology, VIII: 1 (1979), 
101-107. 


In view of the increasing awareness of modern Filipinos and foreign 
researches concerning the medicinal value of Philippine plants, it would 
be timely to list the following: E. Quisumbing, Medicinal Plants of the 
Philippines (Manila: 1951); Ludivina S. de Padua, Gregorio C. Lugod 
and Juan V. Pancho, Handbook on Philippine Medicinal Plants (U.P. Los 
Banos: v. 1, 1977; v. 2, 1978). A bibliography of literature on medicinal 
plants of the Philippines can be found in the latter volumes. Wild plants 
as a source of food are presented by Gregorio C. Lugod and Ludivina S. 
de Padua, Wild Food Plants in the Philippines (U.P. Los Bafios: 1979). 


For more technical descriptions of Philippine animal life, useful intro- 
ductory material include Dioscoro S. Rabor, Philippine Birds and Mammals 
(Quezon City: 1977) and Angel C. Aleala, Philippine Land Vertebrates 
Field Biology (Quezon City: 1976). The abundant fish resources of the 
Philippines have been studied by many biologists including Albert W. C. T. 
Herre. In addition to his numerous scientific papers on Philippine fishes, 
Herre published introductory books for the general readership, namely, 
Philippine Fish Tales (Manila: 19385) and Stories of Philippine Fishes 
(Manila: 1938, 1939). A few years earlier, Philippine coral reefs were 
described by Leopoldo A. Faustino in his “Coral Reefs of the Philippine 
Islands, Philippine Journal of Science, XLIV: 3 (March, 1931), 291-308. 
After the Second World War, Francisco Nemenzo published a series of 
studies on Philippine corals beginning with “Systematic Study on Phil- 
ippine Shallow Water Scleractinians: I. Suborder Fungiida,” University of 
the Philippines Natural and Applied Sciences Bulletin, XV: 1 (Jan.-March 
1955), 3-83; and “Astrocoenid and Faviid Reef Corals from Central Phil- 
ippines,” Kalikasan, Philippine Journal of Biology, VII: 1 (1979), 37-50, 
being the latest in the series. An understanding of modern and ancient 
marine environments is enhanced by studies on foraminifera such as those 
of Joseph J. Graham and Priscilla J. Militante, Recent Foraminifera from 
the Puerto Galera Area, Northern Mindoro, Philippines (Stanford: 1969) 
and Shoshiro Hanzawa, Cenozoic Foraminifera of Micronesia (Richmond, 
Va.: 1957). The beauty, diversity and affinity with neighboring areas of 
Philippine shells can be noted in Alan G. Hinton’s Shells of New Guinea 
and the Central Indo-Pacific (Hongkong: 1972). A checklist of Philippine 
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marine and fresh water shells is given by Leopoldo A. Faustino, Summary ‘ 
of Philippine Marine and Fresh water Mollusks (Manila: 1928). 


For further details on the literature concerning Philippine flora and | 
fauna, the annotated bibliography by Catalina A. Nemenzo, The Flora and F 
Fauna of the Philippines—1951-1966; 2 Parts (Quezon City: 19—) can be 
consulted. 


\ 
The biology, geography, geology, climate and hydrography of the Phil- | 
ippines is discussed by Roy BE. Dickerson in collaboration with Elmer 7 
D. Merrill, Richard C. McGregor, W. Schultze, Edward H. Taylor and f 
Albert W. C. T. Herre in Distribution of Life in the Philippines (Manila: 
1928), The book aims to stimulate further study of the distribution of 
plants and animals in the Philippines, an objective which the multi- 
disciplinary group of scientists admirably a Since its publi- 
cation, vast amounts of data had been gathered on the Philippine | 
lago. On geography, a good coverage is presented by Robert E. xr 
Shadows on the Land: An Economy Geography of the P Ld 
1963). The fourth chapter of T. M. Burley, The 
reviews the physical geography of the Philippir 
tion can be obtained in The Philippine Atlas Manila: 
by The Philippine Fund for Assistance to P 
traveler, the guide by Mary Marshall and 
Guide to the Philippines-Luzon and Mindoro 
useful. Past climates of the ase is d 
“Climate of the Philippines during Te ; 
van het Geol. Mijn. Genootschap voor N 
VIII (1925), 111-119. Various topics on 
geography and biology of the Philippines : 
of Filipino Heritage—The Making of a 
by Alfredo R. Roces. 
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Examples of the human response to ph 
by Warren Dupre Smith in his comprehens 
Resources of the Philippine Islands (Manila 
a paper “Geologic and Physiographic en : 
Geol. Soc. Amer., XXVIII: (1917), 51 
numerous observations made by Smith ag 
geology and physiography. Leopoldo A. Fau 
contributor to Philippine geology and physiograp 
“Geographic and Physiographie Description of 
Mineral Resources of the Philippines for 1924-1925 
40; “Mayon Voleano and Its Eruptions,” Philippine 
XLII: 1 (May 1930) 1; “Notes on Mayon Volcano,” 
of Science, XLIII: 4 (Dee. 1930) 501; “The Development 
Topography in the Philippine Islands,” Philippine Journal of 
2, (Oct. 1932) 203, Details on the physiography of the va 
of the Philippines are usually included in papers and publicatior 
geology of the area such as that of Edward F, Durkee and Selme! 
Pederson, “Geology of Northern Luzon, Philippines,” American A 
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of Petroleum Geologists, XLV:2 (Feb. 1961), 187-168; Earl M. Irving and 
Jose C. Quema, “Reconnaissance Geology of the Burgos-Pasuquin Area, 
Ilocos Norte—A Demonstration in Modern Reconnaissance Methods,” Phil- 
ippine Geologist, 11:3 (June 1948), 1-17; Mario P. Sandoval and Francisco 
B. Mamaril, Jr., Hydrogeology of Central Luzon (Manila: 1970); Perfecto 
J. Santos, “Geology and Section Measurements in Iloilo Basin, Panay Island, 
Philippines,” Philippine Geologist, XXII:1 (March, 1968), 1-62; Policarpio 
T. Dumapit, “Ground Water Geology of Bicol Peninsula,” Jour. Geol. Soc. 
Philippines, XXVII:2 (June, 1973), 24-44; Federico E. Miranda and Bas- 
sanio S. Vargas, The Geology and Mineral Resources of Catanduanes Pro- 
vince (Manila: 1967); Leonardo R. Antonio (Map and Mineral Resources 
Compilation Project Team Leader), Geology and Mineral Resources of South 
Cotabato Province (Manila: 1976). The Philippine Bureau of Mines Map 
and Mineral Resources Compilation Project is doing a nationwide compila- 
tion of geology and mineral resources. Provinces thus far covered have 
1:250,000 geologic map and the provinces include Abra, Isabela, Nueva 
Ecija, Benguet, Laguna, Sorsogon and Mindoro. 


The following focus on the topographic features surrounding Manila: 
Froilan C. Gervacio, “The Geology, Structure and Landscape Development 
of Manila and Suburbs,” Philippine Geologist, XXII:4 (December, 1968), 
178-192; Earl M. Irving, Geomorphological Implications of the Marikina 
River Drainage Patterns, Philippine Geologist, 1-2 (March, 1947), 1-14; 
Earl M. Irving, “Laguna de Bay as a Potential Natural Resources,” Phil- 
ippine Geologist, 1:3 (June, 1947), 12-26; Antonio D. Alvir, “Candaba 
Swamp: Its Origin and Its Relation to Flood Control,” Philippine Geologist, 
1V:4 (Sept. 1950), 7-10. The physiography of Baguio City is discussed by 
Roy E. Dickerson, “The Development of the Baguio Plateau: A Study in 
Historical Geology and Physiography in the Tropics,” Philippine Journal of 
Science, XXIII:1 (Nov. 1923), 11-50. The fascinating Chocolate Hills of 
Bohol is studied in Juan Teves, “On the ‘Haycock’ Hills of Bohol, An Inte- 
resting Geomorphologic Study,” Philippine Geologist, 1:4 (Sept. 1947), 27-30. 
In the same province, M. Pichon describes the unusual Double Barrier Reef 
of Bohol in “Physiography, Morphology and Ecology of the Double Barrier 
Reef of North Bohol (Philippines),” Proceedings, Third International Coral 
Reef Symposium (Miami: 1977). The relationship of the Benham Rise 
to northeastern Luzon is discussed in Mutsumi Motegi “Mineralization of 
the Philippines: A Geohistorical Review,” Jour. Geol. Soc. Philippines, 
XXIX:4 (Dec. 1975), 20-44. 


In 1963, the Philippine Bureau of Mines published a 1:1,000,000 scale 
geologic map of the Philippines. The map is currently being updated with 
a 1:2,500,000 scale geologic map undergoing preparation. Unlike the 1963 
map, a text is also being prepared to accompany the updated map. Another 
map which may be consulted is the relief map No, 150 prepared by the 
Coast and Geodetic Survey which uses a color code to represent the relief 
of the Philippine archipelago. 


In addition to the literature already mentioned, additional details on 
the general geology and history of the Philippines may be derived from 
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various sources. Among these are: Arturo Alcaraz, “The Major Str 
tural Lines of the Philippines,” Philippine Geologiat, 1:2 lu eo 947), 
19-17. Albert J. Froelich, “Philippines May Be the Next Di on ot 
Oilhunters,” Oil and Gas International, 11:3 (March, 1962), 44-60; F 

C. Gervacio, “A Study of the Tectonics with the Philipp rehi 
Philippine Geologist, XX:2 (June, 1966), 61-75; Lit 
and Nature of Orogenesis of the Philippines,” Philippin 
(Dec. 1966), 121-140; Luis Santos-Yfiigo, “Island Ar 
Philippine Archipelago,” Philippine Geologist, ma 
The paper by Albert J. Froelich also geologie ¢ ect: 
column for Mindanao and Central Visayas. A r 
can also be found in Copper Deposits of the Phil 
of Mines Special Project Series Publication a 


Oscar Orient, Roy B. Dickerson’s “Tert rtiary 
ippines,” Philippine Journal of Scbensarh XX 
the changing shape of Philippine land are 
paleogeography can also be seen in the paper 
Structural History and Relation with ei 
Geologist, IX: 2 (March, _1955), pets 


For information on the hoe F 
Clarence R. Allen, “Circum-Pacific Fat 
gion,” Journal Geophysical Research, L: 


Zone,” Geol. Soc. London Quarterly 


by S. Marauchi, N. Den, S. Asano 7 
Hagiwara, K. Ichikawa, T. Sato, W. 
R. R. Houtz, “Crustal Structure of © 


dy 
W. J. Ludwig, N. Den, H. Hotta, T. / 
and K, Hagiwara, “Structure of the Su 
Geophysical Research, LXXVII:17 (June 1 
graphy of the seafloor surrounding the Pl 
M. Irving, “Submarine Morphology of the P i 
Geological Significance,” Philippine Journal of Sc 
1957), 55-88. 


The following papers review fossils of the Philipp 
son, “Review of Philippine Paleontology,” Philippine Jo: 
XX:2 (February, 1922), 195-229; Wataru Hashimoto, — : 
the Philippines,” Geology and Paleontology Southeast Asia, VI (1969) 
329. The latter updates the bibliography of Benjamin A. Daleon, “Bib 
graphy of Philippine Paleontology and Stratigraphy,” Philippine ogisi 
XII:1 (March, 1957), 16-82, by citing Japanese contributions not include 
in Daleon’s review. With reference to stratigraphy, a paper by Wataru 
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Hashimoto and Guillermo Balce, “A New Correlation Scheme for the 
Philippine Cenozoic Formations,” Proceedings First International Congress 
on Pacifie Neogene Stratigraphy, Tokyo 1976, pp. 119-132, (Tokyo: 1977), 
proposes a new stratigraphic standard for Philippine Cenozoic formations. 
An earlier compilation by Salvador Martin, A Review of Oil Ezploration 
and Stratigraphy of Sedimentary Basins of the Philippines, Vol. ‘Il, an 
unpublished manuscript in the Philippine Bureau of Mines dated March, 
1975 review the stratigraphy of sedimentary basins in the Philippines and 
presents representative cross-sections and columns for the different basins. 


* * * 


The evolution of the universe, galaxies, stars, the solar system and 
the earth is traced for the lay reader by Lloyd Motz in The Universe—lIts 
Beginning and End (London: 1976). The fascinating subject of the gene- 
sis on the universe is also presented by Steven Weinberg The First Three 
Minutes (New York: 1977), a book written for the general public such as 
“a smart old attorney who does not speak my language, but who expects 
nonetheless to hear some convincing arguments before he makes up his 
mind,” as explained by Dr. Weinberg in his preface to the book. Further 
readings in cosmology are suggested in an annotated bibliography in The 
First Three Minutes. The interested reader may also consult the following 
more technical papers on astronomy which have appeared recently: Mar- 
garet J. Geller “Large-Scale Structures in the Universe,” American Scien- 
tist, LXVI:2 (March-April, 1978), 176-184; Richard B. Larson, “The Ori- 
gin of Galaxies,” American Scientist, LXV:2 (March-April 1977), 188-196; 
Stephen E. Strom and Karen M. Strom, “The Evolution of Disk Galaxies,” 
Scientific American, CCXL:4 (April, 1979), 556-566. The awesome en- 
vironment of black holes is discussed by Larry L. Smarr, “Our Elastic 
Spacetime: Black Holes and Gravitational Waves,” American Scientist, 
LXVI:1 (January-February, 1978), 72-79. Speculations on the early evo- 
lution of the earth, separation of the core, mantle and crust which deserve 
close attention are presented by Francis Birch in his Presidential Address 
“Speculations on the Earth’s Thermal History,” Geol. Soc. American Bul- 
letin, LXXVI:2 (February, 1965), 183-154. An appreciation of the vast 
time span involved in the evolution of the universe, the solar system, the 
earth, its oceans and atmosphere and life, can be found in the Dragons 
of Elen-Speculation on the Evolution of Human Intelligence (New York: 
1977) by Carl Sagan. Dr. Sagan compressed the 15 billion years span since 
the Big Bang into a single year such that the Paleozoic era, in this cosmic 
calendar, would begin on December 17, the Cretaceous on December 28, 
and the first human beings appear only on December 31. Recorded his- 
tory occupies only the last 10 seconds of the calendar which began with 
the Big Bang on January 1. 


Elso S. Barghoorn and J. William Schopf describe early traces of life 
in “Microorganisms Three Billion Years Old from the Precambrian of 
Africa,” Science, CLII:3723 (May 6, 1966), 759-763. Multicellular organ- 
isms from the Precambrian are also reported in an earlier paper by Elso 
S. Barghoorn and Stanley A. Tyler, “Microorganisms from the Gunflint 
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Chert,” Science, CXLVII:3658 (February 5, 1965), 563-577. The role of 
early plant life in the evolution of the atmosphere and further evolution 
of life is discussed in a paper which originally appeared in September 
1970, by Preston Cloud and Aharon Gibor, “The Oxygen Cycle,” Chemistry 
in the Environment—Readings from Scientific American (San Francisco: 
1978). More advanced forms of Precambrian life is deseribed in Martin 
Glaessner and Brian Daily, “The Geology and Late Precambrian F 
of the Ediacara Fossil Reserve,” South Australian Mus, Ree. XIII:3 ( by 

369-401. The oldest metazoan fossils in North America are described in 
Preston Clowd, James Wright and Lynn Gloyer III, “Traces of Animal Life 
from 620 Million Year-Old Rocks in North Carolina,” American Scientist, 
LXIV:4 (July-August 1976), 396-400. The fauna is compared with other 
localities where metazoa of comparable age have been found. Details 
invertebrate fossils can be found in Robert R. Shrock and William Twen- 
hofel, Principles of Invertebrate Paleontology (New York: 1958). oe 


An attempt to reconstruct the unfamiliar face of the 
presented by Richard K. Bambach, Cristopher R. Scotese : 
Ziegler in a paper which appeared recently, “Before Pang 
graphies of the Paleozoic World,” American Scientist, ix 
February 1980), 26-38. The geographies of later eras 
in A. G. Smith and J. C. Briden, Mesozoie and Cenozor 
Maps (Cambridge: 1977). A detailed study of conditions dur 
rassic is found in A. Hallam, Jurassic Environments (Cambric 
The possible position of Southeast Asia before the } . 
land is presented by M. F. Ridd, “Southeast Asia a 
land,” Nature, CCXXXIV:5331 (Dec. 31, 1971), | 
constructions, Don H. Tarling and Maureen P. Tarlin; 
Drift (Aylesbury: 1977) the position of Southeast Asi 
cient position of the continents. S. K. Acharyya 


Lauresia Continent Configurations,” ie T 
ence on Geology and Mineral Resources of Southeast | 
pp. 121-127. 


data submitted ts the Ministry of inerey by oil sao 
The palynology of Australia is reviewed in Basil E. Balme, “The 
ogical Record of Australian Pre-Tertiary Floras,” Lucy Cranwell 
Ancient Pacific Floras (Hawaii: 1964), pp. 49-80. 


The complexity of Philippine basement geology and the fundamental 
questions relating to it are presented in Earl M. Irving, “Review of Philip- 
pine Basement Geology and its Problem,” Philippine Journal of Seience, 
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LXXIX: 8 (Sept. 1950), 267-807. The age of the oldest rocks in the 
basement that underlies the Philippines is a major problem. A carboni- 
ferous coral discovered by Mariano M. Melendres, Jr., and described in 
Ww. H. Easton and M. Melendres, Jr., “The First Paleozoic Fossil from 
Mindoro Philippine Archipelago,” UP Natural and Applied Science Bulletin, 
XVIII: 3-4 (June, 1964), 229-232, places a minimum age of the Philippine 
basement as Carboniferous. Permian fossils in Mindoro and Panay are 
reported by Pacita P. Andal in “A Report on the Discovery of Fusulinids 
in the Philippines,” Philippine Geologist, XX:1 (March, 1966), 14-22, 
Permian foraminifera from Mindoro are also reported by Toshio Koike, Wa- 
taru Hashimoto and Tadashi Sato, “Fusulinid-bearing Limestone Pebble 
Found ih the Agbahag Conglomerate, Mansalay, Oriental Mindoro, Philip- 
pines,” Geol. Paleont. Southeast Asia IV (1968), 198-209. Conodonts are used 
to date Permian rocks in North Palawan as studied by Wataru Hashimoto 
and Tadashi Sato, “Geological Structure of North Palawan and Its Bearing 
on the Geological History of the Philippines,” Geol. Paleont. Southeast Asia, 
XIII (1973), 145-161. Lower to Upper Permian algae from Mindoro are 
described by Riuji Endo, “Fossil Algae from Mindoro Oriental Province, 
the Philippines,” Geol. Paleont. Southeast Asia, IV (1968), 211-219. Meta- 
morphic rocks and folding in Mindoro are studied by Wataru Hashimoto 
and Tadashi Sato, “Contribution to the Geology of Mindoro and Neighbor- 
ing Islands in the Philippines,” Geol. Paleont. Southeast Asia, IV (1968), 192- 
210. Toshio Kimura, Akira Tokuyama, Benjamin A. Gonzales and Diosdado 
R. Andal study the structure of the Pre-Cretaceous basement in the Tayabas 
Isthmus in “Geologic Structures in the Tayabas Isthmus District, Philip- 
pines,” Geol. Paleont. Southeast Asia, IV (1968), 156-178. 


The province of Mindoro has yielded a rich source of material on the 
early history of the Philippines. The Mesozoic fossils of Mindoro were 
studied by E. M. de Villa, “New Discovery of Mesozoic Fossils Made on 
the Island of Mindoro,’ Philippine Mining News, IX:7 (1941), 170-71. 
E. M. de Villa also wrote a series of articles on “The Mesozoic Rocks of the 
Philippines,” Industrial Journal, XII:9 (September, 1941), 7-8, et. seq. 
Later, the basement geology of Mindoro is described by Jose M. Feliciano 
and Daniel M. Basco, “Preliminary Geologic Report on the Mansalay Dis- 
trict, Mindoro,” Philippine Geologist, 1:3 (June 1947), 1-11; and also by 
Juan S. Teves, “The Pre-Tertiary Geology of Southern Oriental Mindoro,” 
Philippine Geologist, VIII:1 (March 1953), 1-36. The ammonites of Min- 
doro are also described by Tadashi Sato, “Les Ammonites Oxfordiennes de 
’Ile de Mindoro, Philippines,” Japanese Journal of Geology and Geography, 
XXXII:1 (1961), 141-143. Further investigations on the Jurassic geology 
and paleontology of Mindoro are made by Diosdado R. Andal, Jorge Esguer- 
ra, Wataru Hashimoto, Benjamin P. Reyes and Tadashi Sato, “The Jurassic 
Mansalay Formation, Southern Mindoro, Philippines,” Geol. Paleont. South- 
east Asia, IV (1968) 179-197; and Itaru Hayami, “Some Jurassic Bivalve 
from Mindoro,” Geol. Paleont. Southeast Asia, V (1968), 173-197. 


In the Bicol Peninsula and Catanduanes, pre-Cretaceous rocks are des- 
cribed by Federico E. Miranda and Bassanio S. Vargas, The Geology and 
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Mineral Resources of Catanduanes Province (Manila: 1967); and Federico 
E. Miranda, “The Geology and Mineral Resources of Caramoan Peninsula, 
Camarines Sur, Philippines,” Jour. Geological Soc, Philippines, XXX: NSDB 
Issue (1976), 18-54. Metamorphic rocks in the island of Rapu-Rapu adja- 
cent to the Caramoan Peninsula form the country rocks of the copper de- 
posits studied by Arthur R. Kinkel, Jr., and Sisenando Samaniego, Geology 
of the Copper Deposits of the Hixbar Gold Mines, Inc., Rapu-Rapu Island, 
Albay (Manila: 1956). 


. * * 


Profound changes affected large regions of the globe during the Creta- 
ceous. An account of the effect of these changes on Asian and European 
plants is reviewed by Michael Zohary, Geobotanical Foundations of the Mid 
dle East: Vol. 1 (Stuttgart: 19738). A description of the pollen during the 
Cretaceous to Eocene times in Sarawak is made by Jan Muller, “Palynology 
of the Pedawan and Plateau Sandstone Formations (Cretaceous-Hocene) in 
Sarawak, Malaysia,” Micropaleontology, XIV:1 (1968), 1-37. Mangrove 
vegetation in Borneo, recorded as early as Paleogene times is also discussed 
by Jan Miller, “A Palynological Contribution to the History of Mangrove 
Vegetation in Borneo,” In Ancient Pacific Floras Ed. Lucy Cranwell 
(Hawaii: 1964). An analysis of plant fossils is used by Jack A. Wolfe to 
interpret climatic changes during the Early Tertiary in “A Paleobotanical] 
Interpretation of Tertiary Climates in the Northern Hemisphere,” American 
Scientist, LXVI:6 (November-December 1978), 694-703. The effect of clim- 
atic changes in the Tertiary on vegetation, environment and human evolution 
is presented by Karl W. Butzar, “Environment, Culture, and Human Eyolu- 
tion,” American Scientist, LKV:5 (Sept.-Oct. 1977), 572-584. 


The occurrence of Cretaceous rocks in Southeast Asia is reviewed by 
Wataru Hashimoto, Eligio Ariate, N. Aoki, Guillermo Balce, Takeshi Ishi- 
bashi, Nobu Kitamura, Tatsuro Matsumoto, Minoru Tamura and Juichi 
Yanagida, “Cretaceous System of Southeast Asia,” Geol. and Paleont, South- 
east Asia, XV (1975), 219-287. Cretaceous and Early Tertiary radiometric 
dates Far East Indonesia are presented by John A. Katili, “Geochronology 
of West Indonesia and its Implication on Plate Tectonics,” Tectonophysics, 
XIX: (1973), 195-212. In the Northeast Pacific, Lower Cretaceous Sedi- 
ments believed to cover a middle Jurassic basement is reported by Maurice 
Ewing, Tsenemara Sate, John Ewing and Lloyd Burckle, “Lower Cretaceous 
Sediment from the Northwest Pacific,” Science, CLXXII:3723 (May 6, 1966), 
751-755. In the Philippines, descriptions of Cretaceous fossils are given by 
Milagros V. Reyes and Elvira P. Ordonez, “Philippine Cretaceous Small Fo- 
raminifera,” Jour. Geological Soc. Philippines, XXIV:2 (June 1970), 120-128; 
Wataru Hashimoto, Kuniteru Matsumaru and Kenji Kurihara, “Larger 
Foraminifera from the Philippines VI. Larger Foraminifera found from 
the Pinugay Hill Limestone, Tanay, Rizal, Central Luzon,” Geol. and Paleont. 
Southeast Asia, XIX (1978), 65-72. Paleocene fossils are also reported in 
the paper by Wataru Hashimoto, Kuniferu Matsumaru and Kenju Kurihara. 
Cretaceous and Early Tertiary ages of igneous rocks in Mindanao dated 
by the K-Ar method are reported by Juan E. Pilac, “Philippine-Japan Min- 
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eral Exploration Project in South Eastern Mindanao,” Philippine Mining 
Record, VIII:1 (January 1976), 6-11, 27. 


The first record of Paleocene small foraminifera in the Philippines is 
reported by Remedios M. Samaniego, “The Occurrence of Globorotalia velas- 
coensis in the Philippines,” Philippine Geologist, XVIII:3 (Sept. 1964), 65- 
74, Early Tertiary fossils are also described by Milagros Villavicencio and 
Pacita P. Andal, “Distichoplax biserialis (Dietrich) in the Philippines,” 
Philippine Geologist, XVIII:4 (December 1964), 103-118; Wataru Ishijima 
and Wataru Hashimoto, “Discovery of Distichoplax biserialis (Dietrich) in 
Upper Eocene Limestone Lenses Exposed in the Valley of the Mangamnan 
River, Marinduque Island, the Philippines,” Geol. and Paleont. Southeast 
Asia, VII (1969), 277-291; Milagros I. Villavicencio, “Notes on the Occur- 
rence of a Giant Nummulite (?) in the Philippines,” Philippine Geologist, 
XX:1 (March 1966), 23-28: On the basis of Eocene foraminifera found in 
limestone intercalated with schists, a post-Eocene, pre-Late Oligocene oro- 
geny is proposed by Wataru Hashimoto, Naoaki Aoki, Pacita P. David, 
Guillermo G. Balee and Pancrasio M. Alcantara, “Discovery of Nummulites 
from the Lubingan Crystalline Schist Exposed East of Bongabong, Nueva 
Eciia, Philinnines and Its Significance on the Geologic Develonmert of the 
Philippines,” Geol. and Paleont, Southeast Asia, XIX (1978), 57-63. Radio- 
active age dates of rocks in Luzon are also reported in their paper. 


A review of the Eocene in the Philippines is presented by Roberto R. 
Grey, ‘Eocene in the Philippines,” Philippine Geologist, VIII:3, (Sept. 1954) 
50-58. The environment of the Upper Eocene-Oligocene Aksitero formation 
is deduced by Francisco L. Amato, “Stratigraphic Paleontology in the Phil- 
ippines,” Philippine Geologist, XIX:1 (March 1965), 1-24. Eocene fora- 
minifera in Micronesia are described by Shoshiro Hanzawa, Cenozoic Fora- 
minifera of Micronesia (Richmond: 1957). Valuable information on the 
environment and history during Eocene times can be gathered from Victor 
de los Santos and J. Marvin Weller, Geology and Coal Resources of the 
Hitoma-Manambrag Region, Catanduanes (Manila: 1955); Oscar Crispin, 
J. Marvin Weller and Cesar Ibafiez, Geology and Coal Resources of the 
Panganiban Region, Catanduanes (Manila, 1955); and, Victor C. de los San- 
tos and Frank D. Spencer, Geology and Coal Resources of Central Polilio 
Island, Quezon (Manila: 1968). In the southwest, similarities in the geo- 
logy and stratigraphy of the Cretaceous-Eocene in southwest Palawan and 
North Borneo are prescribed by Daniel M. Basco, “A Contribution to the 
Geology of Southwest Palawan Group of Islands (Balabac Island & Vici- 
nity),” Proceedings First National Symposium on Mineral Resources Devel- 
opment, II:Sec. 9 (November 1964), 1141-1165. 


Massive sulfide deposits associated with mid-Mesozoic to Early Paleocene 
faulting is discussed by Rolando A. de Guzman, “Geology and Remobilized 
Aspects of the Massive Sulfide Deposits of Port Bicobian, Ilagan, Isabela 
and Other Similar Philippine Deposits,” Philippine Geologist, XXII:3 (Sept- 
ember 1968), 109-132. The setting of Philippine chromite deposits is re- 
viewed by George C. Bacuta, Jr., Geology of Some Alpine-Type Chromite 
Deposits in the Philippines (Manila: 1978). The biggest mineral deposit 
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of the Philippines and one of the biggest in the world is the Atlas copper 
deposit in Cebu found jn Cretaceous to Paleogene rocks. The deposits are 
described by Luis Santos-Yiiigo, “Copper Deposits of the Atlas Consolidated 
Mining and Development Corporation, Cebu,” In Copper Deposits of the 
Philippines Ed, Arthur R. Kinkel, Jr, et.al. (Manila: 1956); and, Domina- 
dor Uy and Jose C. Vasquez, Jr., “The ACMDC Carmen Orebody; A Case 
History in Geochemical Exploration,” Jour. Geological Soc. Philippines, 
XXVIII:4 (December 1974), 13-26. 


* * * 


In addition to the work of Jan Muller previously mentioned, valuable 
information on the land plants of Southeast Asia during the Cenozoic can 
be obtained from Robert J. Morley, ‘“Palynology of Tertiary and Quaternary 
Sediments in Southeast Asia.” Proceedings Indonesian Petroleum Association | 
6th Annual Convention (May 1977), 255-276. The diversity of land plants | 
in the Philippines can be deduced also from the unpublished reports on the | 
biostratigraphy of oil wells drilled in Palawan and the Sulu Sea. During 
Neogene times, the diversity of marine life in the Philippines are reflected 
in the various species reported in the review of Philippine paleontology by 
Dickerson and Hashimoto already mentioned and also in the classic paper 
by Roy E. Dickerson, “A Fauna of the Vigo Group; Its Bearing on the Evo- 
lution of Marine Molluscan Faunas,” Philipp’ne Journal of Se.ence, XVIII:1 a 
(January 1921), 1-21, where differences between the rates of survival of . 
molluscs in the tropics and temperate regions are noted. The use of molluscs 
to calculate Lyellian percentages can also be found in the paper by Tsugio 
Shuto, “Neogene Gastropods from Panay Island, the Philippines,” Geol. and 
Paleont. Southeast Asia, VI (1969), 1-250. The fossils are al: 
infer the past environments. Molluscs of the Iloilo Basin are 
by Remedios Samaniego, Reynaldo E. Yago and Manuel G, Flor 
Molluscs from the Iloilo Basin,” Jour. Geol, Soc. Philippines, XXI 
1970), 68-119. val 


The richness of marine life and environments in the Philippin 
the Neogene is also documented by Albert V. Carozzi, Milagros V. R 
Victoriano P. Ocampo, Microfacies and Microfossils of the Mioc 
Carbonates of the Philippines (Makati: 1976). The use of forami 
determine age and paleogeology of Neogene sediments is deme 
Ernesto A. Espiritu, Elvira P. Ordonez and Manuel G, 
graphy of Bondoc Peninsula, Quezon,” Philippine Geologist, XXI 
1968), 63-90; Paz D. Santiago, Faunal Successions in Eastern 
tral Valley (Manila: 1970). Along this line of approach in 
past environments, a standard reference is the paper of Orville L 
“Cenozoic Planktonic Foraminiferal Zonation and Basinal Develop 
the Philippines,” Philippine Geologist, XVI:3 (September 1962), 1: 
ville L. Bandy also contributed to the fixing of age boundaries in “M 
Pliocene Boundary in the Philippines as Related to Late nt 
graphy of Deep-Sea Sediments,” Science, CXLII:3597 (1963), 1290- 
Also contributing to the data on the Neogene foraminifera are the 
papets of Benjamin A. Gonzales, Foraminiferal Analyses on Measured 
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Section along the Tarao (Jarao) and Tanian Rivers (Manila: (1968); and, 
Hiroshi Ujie and Tetsumo Samato, “Pliocene-Upper Miocene Planktonic 
Foraminiferal Faunas from Northern Mindanao, Philippines,” Geol. and 
Paleon, Southeast Asia. The geology, paleontology and paleoenvironment 
of the eastern part of Central Luzon which is underlain by a thick sequence 
of Neogene rocks is presented in Benjamin A. Gonzales, Victoriano P. Ocam- 
po and Ernesto A. Espiritu, “Geology of Southeastern Nueva Ecija and 
Eastern Bulacan Provinces, Luzon Central Valley,” Jour. Geol. Soc. Philip- 
pines, XXV:2 (June 1971), 1-41. 


A wealth of information is being disclosed by-ongoing petroleum explor- 
ation in the Philippines. In the Central Luzon Basin, an interpretation of 
the evolution of the basin through time in the basin analysis by P. R. Bau- 
mann, M. E. Latrelle, P. Maurizot, The Hydrocarbon Potential of the Cen- 
tral Luzon Basin, Philippines (3 Vol.), (Manila: 1977). Information on 
the Sulu Sea and other areas subjected to petroleum exploration may be 
gleaned from Dominador Muriel, “Summary of Petroleum Exploration in the 
Philippines, 1972-1974,” Jour. Geol. Soc. Philippines, XXVIII:4 (Dec. 1974), 
27-34. The geology, representative sections and geological history of the 
Northwestern Palawan offshore areas is presented by Emmanuel V. Tame- 
sis, Edward V. Mamnalac, Carlos A. Reyes and Leonardo M. Ote, “Late Ter- 
tiary Geologic History of the Continental Shelf of Northwestern Palawan, 
Philippines,” Geol. Soc. Malaysia Bulletin, 6 (July 1973), 165-176. Data 
on the Nido oil field in Palawan can be obtained from a recent paper 
by Allen G. Hatley, “The Philippines Nido Reef Complex Oil Field: A 
Case History of Exploration and Development of a Small Oil Field,” Off- 
shore Southeast Asia Conference 26-29 February 1980, SEAPEX Session, 
Singapore. A review of exploration in various sedimentary basins in the 
Philippines is given by Arthur Saldivar-Sali, Reef Exploration in the Philip- 
pines (Makati: 1978). A regional synthesis on oil plays in Southeast Asia 
prepared by the Exploration Staff of Cities Service Company was presented 
by Leslie Beddoes, Jr., “Hydrocarbon Plays in Tertiary Basins of Southeast 
Asia,” Offshore South East Asia Conference, SEAPEX Session, 26-29 Feb- 
ruary 1980, Singapore. 


Descriptions of coal deposits are also excellent sources of information 
on the geology, stratigraphy, and sometimes the paleontology and geological 
history of Neogene sedimentary areas in the Philippines. The standard 
source of data on coal was published in the coal project series of the Phil- 
ippine Bureau of Mines (now the Bureau of Mines and Geosciences) in the 
mid-50’s. A summary of the coal resources of the Philippines was made 
by Frank D. Spencer and Jose F. Vergara, Coal Resources of the Philip- 
pines (Manila: 1957), Publication No. 20 of the Bureau of Mines Special 
Projects Series. The other titles belonging to the coal series are as follows: 
J. Marvin Weller and Jose F. Vergara, Geology and Coal Resources of the 
Bulalacao Region, Mindoro Oriental (Manila: 1955), No. 1; Oscar Crispin, 
Marvin Weller, and Cesar B. Ibanez, Geology and Coal Resources of the 
Panganiban Region, Catanduanes (Manila: 1955), No. 2; Oscar Crispin, J. 
Marvin Weller, and Jose F. Vergara, Geology and Coal Resources of Bataan 
Island, Albay (Manila: 1955), No. 3; Victor de los Santos and J. Marvin 
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Weller, Geology and Coal Resources of the Hitoma-Manambrag Region, 
Catanduanes (Manila: 1966), No, 4; Cesar B, Ibafiez, Harley Barnes, and 
Juan de la Cruz, Geology and Coal Resources of the Gatbo Pen nau'a Baeon- 
Prieto Diaz-Gubat Region, Sorsogon (Manila: 1955), No, 6; Jose F. Vergara, 
Geology and Coal Resources of Semirara Island, Antique (Manila; 1955), 
No. 6; Harley Barnes, Cresencio P, Jongeo, Generoso C, Lazaga, Juan B, 
Pilac, and Harold E. Vokes, Geology and Coal Resources of the Argao-Dala- 
guete Region, Cebu (Manila: 1956), No. 7 Cesar B, Ibaiiez, Ignacio S$, An- 
tonio, Harley Barnes, and Luis Santos-Yiiigo, Geology and Coal Resources 
of the Malangas Kabasalan Region, Zamboanga del Sur (Manila: 1956), 
No. 8; Mariano M, Melendres, Jr. and Harley Barnes, Geology and Coal 
Resources of the Calatrava-Toboso Region, Occidental Negros (Manila: 
1957), No. 12; Jose F. Vergara and Frank D, Spencer, Geology and Coal 
Resources of the Bislig-Lingig Region, Surigao (Manila: 1957), No. 14; 
Victor C. de los Santos and Frank D. Spencer, Geology and Coal Resources 
of Central Polilio Island, Quezon (Manila: 1968), No, 15. The data on coal 
was updated recently by a study commissioned by the Ministry of Energy 
and conducted by the Robertson Research, Inc. of Singapore. 


Asphalt and hydrocarbon occurrences in Leyte are studied by Demetrio 
N. Palacio, “Preliminary Report on the Geology and Rock Asphalt Deposits 
of Balite, Villaba, Leyte,” Philippine Geologist, X1:8 (June 1957), 69-100; 
and, Raymundo A. Reyes, Jr., “Hydrocarbon Distributions and Carbon Iso- 
tope Variations in the Surface Petroleum Occurrences and Potential Source 
Rocks in Northwest Leyte,” Jour. Geol. Soc. Philippines, XXXIII:1 (March 
1979), 1-88. The geology and structure of Miocene sandstones in Southern 
Palawan are found in Manuel M. Gamboa, “The Massive Arenaceous Sand- 
stone in Tagbita, Southern Palawan—A Potential Source of Flintgrade 
Glass Sands,” Jour. Geol. Soc. Philippines, XXIX:2 (June 1975), 6-18, 


A description of the alkalic igneous rocks in Isabela can be found in 
Jaime R. Palispis, “Geology and Geochemistry of me Oligosiionehs N agat 


of the Philippines (March 1977) ; and, Ulrich Knit etre 
Origin of the Syenite from Cordon, Isabela,” Jour. aa Se 
XXXXIII: 1 (March 1979), 34-43. A detailed study of one of the : 
from Cordon is made by Raymundo A. Reyes, Jr., “Pseudole $0 

Isabela,” Jour. Geol. Soc. Philippines, XXXI:1 (March 1971 


617. An fe of a Miocene intrusive in Batangas an 
ratios in two igneous rocks from Taysan are given in their paper. | 
geology of another intrusive in Marinduque containing copper 
described by A. G. Loudon, “Marcopper Porphyry Copper Deposit, P 
pines,” Economic Geology, LXX1I:4 (June-July 1976), 721-782. 


Contact metasomatic deposits formed during the Neogene intrusions 
of igneous rocks are described in John E. Frost, “Notes on the Genesis of 
the Ore-bearing Structures of the Paracale District, Camarines Norte, 
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Philippines, Philippine Geologist, XII1:2 (June 1950), 31-84; Juanito C. 
Fernandez, “Geology of the Lammin Iron Deposits, Piddig, Ilocos Norte,” 
Philippine Geologist, XVIII:1 (March 1964), 10-19; and Eleno C. Yray, 
“Notes on the Geology of the Iron Mine of Sta. Ines Steel Corporation at 
Sta. Ines, Antipolo, Rizal,” Mining Newsletter, XVI:1 (Sept.-Oct. 1964), 
9-20, The copper deposits in Lepanto are described by Fred E, Johnson, 
Ottey M. Bishop and William G. Peryam, “Mining and Reduction of Enar- 
gite Ores at Lepanto, Mankayan, Philippine Islands,” Mining Technology, 
VI:3 (May 1942), Technical Publication 1452; and, Arsenio Gonzalez, “Geo- 
logy of the Lepanto Copper Mine, Mankayan, Mountain Province,” In Cop- 
per Deposits of the Philippines, Ed. Arthur Kinkel et. al. (Manila: 1956). 
Modern techniques in the study of the genesis of gold deposits in Benguet 
are made by F. J. Sawkins, J. R. O’Neil and J. M. Thompson, “Fluid In- 
clusion and Geochemical Studies of Vein Gold Deposits, Baguio District, 
Philippines,” Economic Geology, LXXIV:6 (Sept.-Oct. 1979), 1420-1434. 


et ee 


The Quaternary is a term originally applied by Jules Pierre Stanislas 
Desnoyers in “Observations sur un ensemble de depots marins plus recent 
que les terrains tertiaires du bassin de la seine, et constituant une formation 
geologique distincte; precedees d’un apercu de la non-simultaneite des bassin 
tertiare,” Annales des Science Natureles (Paris: 1829) v. 16, p. 171-214, 
402-491 to deposits overlying Tertiary rocks in the Paris basin. It 
was defined by H. Reboul as deposits with fauna and flora still living 
in Geologie de la Periode Quaternaire (Paris 833). Soon afterwards, Charles 
Lyell introduced the term Plestocene, meaning most recent, for deposits with 
more than 70% molluscs represented by living species in Noveaix Elements de 
Geologie (Paris: 1889). The term Holocene, meaning wholly recent, was 
established in the 1885 International Geological Congyess. 


The beginning of the Holocene is placed at 10,000 radiocarbon years 
ago aS recommended by the Holocene Commission of the International Union 
for Quaternary Research (INQUA). The definition of the beginning of 
the Quaternary, on the other hand, is not yet clearly settled. The 1948 
International Geological Congress recommended that it be defined at the 
hase of the mar’ne Calabrian Stage with the type locality at Santa Maria 
di Catanzaro, Calabria, Italy. The current trend, as in the estimate of 
B. U. Haq, W. A. Berggrea and J. A. van Convering, “Corrected Age of the 
Pliocene Boundary,” Nature CCLXIX: (1877) 488-488, is to place the begin- 
ning of the Quaternary, and also the Pleistocene, at a time slightly younger 
than the Olduvai event during which there was a reversal of north and 
south poles, about 1.61 million years ago. The Pliocene-Pleistocene bound- 
ary in Pacific sediments is discussed by T. Saito, “The Pliocene-Pleistocene 
Boundary in Pacific Deep-Sea Sediment Cores,” Abstracts First Jnternat‘onal 
Congress on Pacific Neogene Stratigraphy (Tokyo, 1976), 178-179. For a 
detailed discussion of issues relating to the Quaternary Period, reference 
may be made to David Q. Bowen, Quaternary Geology—A Stratigraphic 
Framework for Multi-disciplinary Work (London: 1978). 
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Climatic change which dominates the Quaternary had « 
influence on environment and human evolution. One result of f 
in climate is the advance and retreat of glaciers, The origin of ¢ 
is explained by Chester B, Beaty, “The Causes of Glaciation,” re erie 
Scientist LXV1I:4 (July-August 1978), 452-459. odels of 
sheet growth are reviewed by R. F. Flint, Glacial and Quat “tated i 
(New York: 1971), Glacial effects observed in Borneo are | 
R. Flenley and Robert J, Morley, “A Minimum Age for the Deg! 
Mt. Kinabalu, East Malaysia,” Modern Quaternary Res 
IV (1978), 57-61, These are also noted in Taiwan by C, C. fs yi 
and Ecology of Taiwan Prehistory,” Asian date vi 
Winter 1963), 203-213. C. C. Lin also review the Ple' 
fauna and land bridges between Taiwan and Northe 
tuations in climate during the Quaternary are sled 
ments and the fluctuations in the Pacific are studie 
“Pleistocene Stratigraphy of the Western Equato: 
America Bull., XXCVIII:1 (Jan. 1977), 143-150; 
Paleoclimatic Stratigraphies: A Comparative . Anal 
ternary Research VIII (1977), 339-354. ¥ ar 


ralgil 

The withdrawal of water from the sea, d 
results in a lowering of the sea level. Patients 
the last 100,000 years are inferred by J. M. 
Terraces, Huon Peninsula, New Guinea: 4 
Movements and Sea Level Changes,” B 


estimated by F. P. Shepard, “Thirty-five Thot 
Essays in eel: weet in Honor a “i, I 


The combination of fluctuating sea we 
rine terraces. The patterns of marine { 
India are studied by K. K. Verma and 
Quaternary Sea along the Western Coast 
Test of Glacioeustasy in Asia,” Proceetea 


mate uplift rates in Tsung-Hung Peng, Yur I 
“Tectonic Uplift Rates of the Taiwan Island . 


yp 
effects of sea level changes and uplift during the Qua 
by George D. Louderback, “Post-Pliocene Diastrophism 
Proceedings Fourth Pacific Science Congress (Java: 
and by Jose M. Feliciano and Vinicio R. Pelaez, “Pleisto 
ments in the Philippines,” Proceedings Sixth Pacific Sei ce 
keley: 1940) v. II, 811-814. The development of the Philippin 
is described by Leopoldo A. Faustino, “History of the Strand 
Philippine Islands during Pleistocene and Post-Pleistocene Time,” d 
ings Third Pacifie Science Congress (Tokyo: 1926), 1807-1811. Philip wo, 
coastal features and Pleistocene paleogeography are discussed by Roy I 
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Dickerson, “Tertiary Paleogeography fo the Philippines,” Philippine Journal 
of Science XXV:1 (July 1924), 11-50. In this paper, Dickerson quotes a 
letter from Graham B, Moody who suggests that Mindanao was divided 
into five major islands during Early or Middle Pleistocene times. Uplift 
of Mindanao is also discussed by Antonio D. Alvir, “The Island of Mindanao, 
Philippines: A Uplifted Peneplain,” Proceedings Eighth Pacific Science 
Congress (Quezon City: 1956), 278-280. Sea level fluctuations contributed 
to the development of the double barrier reef of Bohol described by M. 
Pichon, “Physiography, Morphology and Ecology of the Double Barrier Reef 
of North Bohol (Philippines) ,” Proceedings Third International Coral Reef 
Symposium (Miami: 1977). 


Sea level changes and uplift gave rise to land connections between the 
Philippines and its neighbors. The pattern of these connections during the 
Quaternary and pre-Quaternary times are inferred in the works of Roy 
Dickerson already cited (“Tertiary Paleogeography of the Philippines”, 
1924; and, Distribution fo Life in the Philippines, 1928). Patterns in the 
distribution of land plants given by Robert J. Morley, “Palynology of Ter- 
tiary and Quaternary Sediments in Southeast Asia,” Proceedings Indonesian 
Petroleum Association 6th Annual Convention (May 1977), 255-276, illus- 
trate the influence of climate and sea level changes in the distribution of 
plants in Southeast Asia, Various evidences for land connections between 
the Philippines and Southeast Asia are reviewed by Benjamin Austria, 
“Land Bridges”, Filipino Heritage (Singapore: 1977) y. I, 7-18. 


Land bridges permitted the migration of large vertebrates, including 
man, to the Philippines. Thus, an extinct elephant, Stegédon, is found in 
various parts of the Philippines and an early description of this elephant 
is given by Edmund Naumann, “Stegodon mindanensis, eine Art von Ue- 
bergangs-Mastodonten,” Zeitschrift der deutschen geologischen Gesellschaft, 
XLI{:L (1980), 166-169. Descriptions of fossil vertebrates in the Phil- 
ippines are also given by G.H.R. von Koenigswald, “fossil Mammals from 
the Philippines,” Proceedings Fourth Far Eastern pre-History Congress 
Manila: 1956), Paper 22, 23 p.; H. Otley Beyer, “New l'inds of 1s ossil 
Mammals from Pleistocene Strata of the Philippines,” National Research 
Council of the Philippines Bull., VLI (Feb. 1957), 220-229; and, Silvio M. 
Lopez, “Notes on the Occurrence of Fossil Elephants and Stegodonts in 
Solana, Cagayan, Northern Luzon, Philippines,” Jowr. Geol. Soc. Phil:p- 
pines, XXV:4 (December 1971), 1-8. An enumeration of animal remains 
found in Cagayan is given by Mark E. Mathisen and Carl F. Vondra, 
“Pleistocene Geology, Fauna and Early Man in the Cagayan Valley, North- 
ern Luzon, Philippines,” Abstracts with Programs, 1978 Joint Annual Meet- 
ing, GSA-GAC-MAC (Toronto: 1978), 451. 


In some areas of the Philippines, dark glassy rocks known as tektites 
are associated with Pleistocene deposits containing artifacts, Tektite papers 
of H. Otley Beyer are collected in Philippine Tektites (Quezon City: 1960). 
Hypotheses on the origin of tektites are reviewed in John A.. O’Keefe, 
“The Tektite Problem,” Scientific American, CCXXXIX:2 (August 1978), 
98-107. The age of tektites in Southeast Asia and Australia are studied 
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von Koenigswald, “Tektite Studies I: The Age of the Indo- ; 
Aiea Tektites; II: The Distribution of the Indo-Australian Tektites,” 

Proc. Kon. Ned. Akad, Wetesch., LXIII:Series B (1960), 135-153; 
R.O. Chalmers, E.P. Henderson and Brian Mason, “Occurrence, Di 
tion, and Age of Australian Tektites.” Smithsonian Contribution Bee 
Earth Sciences, No. 17, 46 p. 


The active volcanoes of the Philippines are catalogued in M, 
van Padang, Catalogue of the Active Volcanoes of the Work 
Philippine Islands and Cochin China (Naples: 1958). A des 
catastrophic 1965 eruption of Taal Voleano is presen 
Moore, Kazuaki Nakamura and Arturo Alcaraz, “The 
Taal Volcano,” Science, CLI:3713 (February 25, 1966) » 955- 
of Quaternary volcanism in the Bataan Peninsula i 
Project Study for the Philippine Nuclear Power Pl 
nism offers a vast source of geothermal energy. Th 


Ormoc City, Leyte,” Journal Geol. Soc. Philipp 
78-97. The exploration of the Tongonan field is 


(Makati: 1979), p. 28. In the same symposium, 
sents the “Regional Setting of Paes 
and Abstracts, p. 27. 


In addition to geothermal energy, min 
Quaternary rocks of the Philippines. Th 
described by Henry E. Fernandez, “Thi 
Central Palawan,” Philippine Geologist XX. 
ippine laterites, now mined as a source of 
Santos-Ynigo, “Chemical Evolution and 
Philippine Geologist, XXI:2 (June 1967), 
and Fernando B. Esguerra, Geology and | 
Laterites of Nonoc and Adjacent ee 
Bauxite, which is the source of alun tudied 
Jagolino, “Bauxite Deposits of Samar, 2 Jo ‘'eol. Soe 
(NSDB Issue; 1976), 1-19. 
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APPENDIX 
Partial list of species from the Vigo group 


Architectonica pictum (Philippi). 
Actaeon reticulatus K, Martin. 
Buccinium simplex K. Martin. 
Bullaria ampulla (Linnaeus). 
Cancellaria crenifera Sowerby. 
Cancellaria elegans Sowerby. 
Cassidaria. 

Cerithium jenkinsi K. Martin. 
Cerithium herklotsi K. Martin. 
Cerithium moniliferum Kieper. 
Cerithium bandongensis K. Martin. 
Cerithium sp. nov, 

Cerithium jonkeri K. Martin. 
Cerithidea cf. ornata Hinds. 
Cerithidea (Pyrazus) cf. sulcatus Bruguiere. 
Cerithidea cf. quadrata Sowerby. 
Conus ornatissimus K. Martin. 
Conus sp. nov.? 

Conus sp. 

Conus lividus Hwass. 

Conus loroisii Kienen. 

Conus hardi K. Martin. 

Conus striatellus Jenkins. 
Columbella bandongensis K. Martin. 
Cyclonassa elegans Kiener. 
Cypraea ef. tigris Linnaeus. 
Cypraea sp. 

Drillia sp. 

Delphinula? 

Delphinula reeviana Hinds. 
Distortio clathrata Lamarck. 
Eburna ambulacrum Sowerby. 
Ficus reticulata (Lamarck). 
Haminea. 

Harpa articularis Lamarck. 
Mitra javana K. Martin. 

Mitra cf. jenkinsi K. Martin. 
Mitra junghuhni K. Martin. 
Mitra bueciniformis K. Martin. 
Mangelia. 

Murex endivia Lamarck. 
Marginella. 

Melania aspereta Linnaeus. 
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Melania aspereta inquinata Quadras. 
Nasea crenulata (Bruguiere). 
Nasea dispar Adams.. 

Nasea gemmulata (Lamarck). — 
Nasea globosa minor Quoy. — i 


Triton pfeifferianum Reeve. 
Trochus. 

Telescopium telescopium Linnaeus. _ 
Trivia smithi K, Martin 
Voluta cf. innexa Reeve. 
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PELECYPODA 


Arca cornea Reeve. 

Arca ferruginea Reeve. 

Arca granosa Linnaeus. 

Arca cf. coelata Reeve. 

Arca tenebrica Reeve. 

Barbatia fusca (Bruguiere). 
Cardium. 

Cardium attenuatum Sowerby. 
Cardium donaciformis Cuming. 
Cardium unicolor Sowerby. 
Cardita antiquata Linnaeus. 
Chione chlorotica Philippi. 
Chione? 

Corbula scaphoides Hinds. 
Corbula socialis K. Martin. 
Clementia hyalina Philippi = C. papyracea. 
Dosinia cf. lenticularis. 

Dosinia cretacea Philippi. 
Glycimeris viteus (Lamarck). 
Glycimeris angulatus (Lamarck). 
Ostrea. 

Paphia textrix Deshayes. 

Pecten (Pleuronectia) pleuronecta Linnaeus. 
Pecten cf. radula Linnaeus. 
Pecten cf. pseudolima Sowerby. 
Pecten pseudolima Sowerby. 
Pecten cf. cristularis Adams and Reeve. 
Placuna placenta Linnaeus. 
Psammobia cf. lessoni Blainville. 
Psammobia sp. 

Pinna sp. 

Solen sp. 

Spisula sp. 

Solecurtus quoyi Deshayes. 
Spondylus sp. 

Tellina sp. 

Vermetus javanus? K. Martin 
Vermetus sp. nov. 
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GLOSSARY 


AMMONITES—Any of numerous fossil shells of cephalopods having the 
form of a sharp spiral similar to that of the nautilus and especially 
abundant in the Mesozoic age, some being 3 feet or more in diameter 


ANTICLINES—an upfold or arch of stratified rock in which the beds or 
layers dip in opposite directions from the crest 


AQUIFERS—a stratum of permeable rock, sand, etc., which contains water, 
especially one which acts as a water source for a well or the like 


ARCHAEOLOGY—the science of antiquities, especially prehistoric anti- 
quities, which investigates the history of peoples by the remains 
belonging to the earlier period of their existence 


ARCHAEZOIC—f, belonging to, or relating to the earliest era of geological 
history, the era of the archean rocks 


ASTHENOSPHERE—a hypothetical earth-circling shell or zone which lies 
from 30 to 75 miles below the earth’s surface and within which 
the material not necessarily molten is believed to yield more rapidly 
to persistent stresses than the rigid crust above or the solid nucleus 
below 


_ ATOLL—a coral island, consisting of a strip or ring of coral surrounding 
a central lagoon or lake 


. BARRIER REEF—a coral reef rising from a great depth to the level of low 
tide, encircling an island like a barrier, or running parallel to a 
coast, with a navigable channel inside 


BASALT—a dark gray to black, dense to fine grained igneous rock that 
is the extrusive equivalent of gabbro 


BATHOLITHIC—a great mass of intruded igneous rock that for the most 
part stopped in its rise a considerable distance below the surface 
and that extends downward to unknown depth 


BAUXITE—an aluminum ore derived from various rocks preferably deficient 
in silica and iron 

BENTONITE—a rock consisting mainly of the clay minerals montmorillonite 
and beidellite, formed from the decomposition of volcanic ash, 
capable of absorbing large quantities of water, and capable of being 
activated by acid: used as an emulsifier and drugs and as a carrier 
for chemicals 


BIOHERM—a body of rock built up by or composed mainly of sedimentary 
organisms (as corals, algae, or mollusk) and enclosed or surrounded 
by rock of different origin 

BRECCIA—an aggregate composed of angular fragments of the same rock 
or of different rocks united by a matrix or cement 
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BRYOZOA—a small phylum of aquatic animal, that reproduce by budding, 
that usually form branching, flat, or mosslike colonies permanently 
attached on stones or seaweeds and enclosed by an external cuticle 
soft and gelatinous or rigid and chitinous or calcareous, and that 
consist of complex zooids each having an alimentary canal with 
distinct mouth and anus surrounded by a true coelom and associated 
with a protrusible lophophere 


CAMBRIAN—earliest division of the Paleozoic era and the lowest system of 


Paleozoic rocks next below the Ordovician and above the Kervee- 
nawan 


CARBONIFEROUS—pertaining to the stage of the Paleozoic period follow- 


ing the Devonian or to the coal bearing rocks formed during that 
age 


CENOZOIC—of or relating to a grand division of geological history includ- 
ing the entire interval from the beginning of the Tertiary period to 
the present time marked by a rapid evolution of mammals and birds 
and of grasses, shrubs and higher flowering plants and by little 
change in the invertebrates 


CHEVROTAIN—any of several very small hornless deerlike ruminant mam- 
mals of tropical Asia, the Malay archipelago, and West Africa 
superficially resembling the musk deer, the male having short tusks, 
and being among the smallest known ruminants standing only about 
a foot high 


CHONDRITE—a meteoric stone characterized by the presence of chondrules 


CHONDRULES—a rounded granule of cosmic origin usually consisting of 
enstatite or chrysolite and occurring embedded more or less abun- 
dantly in the mass of many meteoric stones and sometimes free in 
marine sediments 


CIRQUE—a deep steep-walled basin high on a mountain usually shaped like 
half a bowl and often containing a small lake caused especially by 
glacial erosion, and nonforming the blunt head of a valley 


CONODONT FAUNA—any of certain minute toothlike fossils found in 
Paleozoic rocks 


CONVECTION CURRENT—the motion of electrically charged particles, or 
of a charge when carried on a piece of conductor dielectric 


CORAL REEF—an extensive reef built by the gradual deposit of coral and 
other organic matter, part of which has become limestone 


_ COSMOGONY—a part of the science of astronomy that deals with the 
origin and development of the universe and its components 


CRETACEOUS—of or relating to the last period of the Mesozoic era and 
the corresponding system of rocks, the deposits of the period includ- 
ing the larger part of the known chalk beds, greensand mark, and 


DACITE—a light colored voleanic rock containing quarts . 


DACITIC PYROCLASTICS—rock consisting of dacite f 
explosive voleanism 


DELTA—a triangular tract of alluvial land between 
the mouth of a river, often intersected by of! 


DEVONTAN—period of the Paleozoic which follows 
below the Mississippian and the vm s 
the period ’ 


DIASTROPHISM—the process of iotrmatinn # rev 
crust its continents and ok 
of strata, and faults 


DIORITE—a coarse-grained poles 
essentially of intermediate jf 


DIPTEROCARPACEAE—a family of tes oh 
valuable wood and aromatic « 
by having 2-winged fruit 7 


DRYOPITHECUS—on genus of generalized mioc 
apes sometimes regarded as common a 
poid ages and man 7 

ECHINODERM(S)—pertaining to the phylum 
of the starfishes, sea urchins and 


EOCENE—f or relating to the second } ‘ 
ing the Oligocene but s mes ¢ . 
the Miocene 


EROSIONAL PROCESS—the general pees ’ the 
at the earth surface by natural a; 


ESKERS—a long narrow often sinuous | afi 
ot Des decussate 
within, or beneeth & Stage “he 

FAULTS—a fracture in the earth’s crust accom 


of one side of the frectare with raese aaa 
tion parallel to the fracture 


FELDSPAR—any of a group of usually white or Ret white, 
bluish, or greenish minerals that are closely related in crystal 


ae 
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form, that are all aluminum silicates with potassium, sodium, cal- 
cium, or barium, that occur in crystals and crystalline masses 


FISSION—the process or an instance of cleaving, splitting or breaking up 
into parts 


FLUVIATILE—belonging to, existing in or about, or produced by the action 
of streams or rivers 


FLYSCH—sedimentary and igenous rocks deposited during the early stages 
of geosynclinal evolution 


FORAMINIFERA—an order of Rhizopoda comprising of large and chiefly 
marine protozoans that have one or more nuclei that are generally 
enclosed in a typically calcerous shell having minute opening for 
slender branching pseudopodia and consisting of several successively 
formed communicating chambers each larger than the preceding, that 
have a complex life cycle in which sexual and asexual generations 
alternate, that are so abundant that their shelly remains constitute 
a major part of various sedimentary limestone and serve to identify 
geological horizons 


FOSSIL—any remains, impression or trace of an animal or plant of past 
geological ages that has been preserved in the earth crust 


FUSULINIDS—a genus of spindle-shaped, perforate Foraminifera abun- 
dant in the Carboniferous 


GABBRO—a rock of a family of granular igneous rocks composed essen- 
tially of calcie plagioclase, a ferromagnesian mineral and accessory 
minerals 


GEOSYNCLINE—a great downward flexure of the earth’s crust 
GEOTHERMAL ENERGY—consist of heat flowing from the earth’s interior 


GLACIATION—the conversion into ice as in the scoring or erosion of rocks 


GLAUCOPHANE—a blue mineral formed at high pressures and relatively 
low temperatures 


GRANODIORITE—a granular intrusive quartzose igneous rock interme- 
mediate between granite and quartz disrite with plegioclase pre- 
dominant over orthoclase 


GRAPTOLITE(S)—any of numerous fossils of a group Graptolitoidea found 
from the upper Cambrian through the Devonian and generally 
regarded as constituting a subclass of Hydrozoa 


GRAYWACKE—an impure sandstone common in the Lower Tertiary and its 
occurrence indicates a source area of high relief that is being eroded 
rapidly thus giving rise to the mixture of sand, silt and clay 

GYMNOSPERM—a plant of the class gymnospermae; or a plant having 
seeds not enclosed in any ovary or carpel 
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HORNBLENDE DIORITE—amphibole, properly the common dark aluminous 
variety 


ICE AGE—the Pleistocene glacial epoch, a period during which extensive 
glaciation occurred 


IGNEOUS ROCK—rock formed by solidification of a molten magma 


ISOTOPES—one of two or more species of the same element, having the 
same atomic number and hence occupying the same position in the 
periodic table and nearly identical in chemical behavior but differ- 
ing in atomic masses 


ISTHMUS—a narrow strip of land running through a body of water and 
having the water lying at each side and connecting two larger land 
areas 


JURASSIC—constituting or relating to the period of the Mesozoic era pre- 
ceding the Comanchean and succeeding the Triassic and the cor- 
MONZONITE—a granular igneous rock 


LACUSTRINE—of or relating to dwellings buit on piles in lakes especially 
in prehistoric central Europe, Scotland, and Ireland 


LIMESTONE—a rock consisting of carbonates like those that compose the 
framework of coral reefs 


LITHOSPHERE—the solid part of the earth; specifically the outer part of 
the solid earth composed of rock essentially like that explored at 
the surface and believed to be about 50 miles in thickness 


MAGMA—nmelting of some of the rocks to again give rise to the silicate melt 


MARINE TERRACE—a terrace formed along a seashore by the merging 
of wave-cut and wave-built terraces 


MARSUPIAL(S)—an order of mammals including the kangaroos, handi- 
coats, and opossums of which the female has a pouch or pocket in 
the abdomen in which to carry the young 


MELANGE—amixture of different rocks 


MERITIC ENVIRONMENT—a region of shallow water adjoining the sea- 
coast and usually considered to extend from low-tide mark to a 
depth of 100 fathoms 


MESOZOIC—of or relating to a grand division of geological history that 
includes the entire interval of time between the Permian and the 
Tertiary and is marked by the dinosaurs, marine and flying reptiles, 
ganoid fishes, cycads, and evergreen trees 


METALLURGY—a science and technology that deals with the extraction 
of metals from their ores, refining them and preparing them for 
use and includes processes 
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METAMORPHISM—any change in the composition of any kind of rock, 
generally effected by action of pressure, heat, and water resulting 
in a more compact and more highly crystalline condition of the rock 


METAMORPHOSIS—charge of form, structure or substance 


METAZOA—a group that comprises all animals having the body when 
adult composed of numerous cells differentiated into tissues and 
organs and usually to include the Coelenterata and all higher ani- 
mals but sometimes is extended to include the Parazoa and Mesozoa 


METEORITE—solid particle from interplanetary space that survives the 
destructive effects of a flight through the earth’s atmosphere and 
falls to the ground in one or more pieces 


MIACIDS—a family of primitive generalized carnivorous mammals widely 
distributed from the Paleocene through the lower Oligocene 


MIOCENE—f, relating to, or characterizing an epoch of the Tertiary 


preceding the Pliocene and succeeding the Oligocene 


MOHOLE PROJECT—a deep drill hole which would pierce the Mohoro- 
vicie discontinuity and reach the upper mantle 


MONZONITE—a granular igneous rock consisting predominantly of ap- 
proximately equal amounts of plagioclase and potash feldspar 


MORAINE—an accumulation of earth, stones, etc. deposited by a glacier 


MORPHOLOGY—the external structure of rocks in relation to the develop- 
ment of forms or topographic features produced by erosion 


NEBULA—a faint misty patch of light in the heavens produced by cluster- 
ed stars or by masses of diffused gaseous matter 


NEOGENE—trelating to or being the later portion of the Tertiary including 
both the Miocene and Pliocene 

NERITIC ENVIRONMENT—a region of shallow water adjoining the sea- 
coast and usually considered to extend from low-tide mark to a 
depth of 100 fathoms 


NUMMULITE—a type of foraminifera 


OLIGOCENE—noting or pertaining to the third oldest epoch of the Tertiary 
period of system 


OPHIOLITE SUITE—association of spilites, chert and graywacke 


ORDOVICIAN—the period following the Cambrian and next below the 
silurian 


OROGENY—the process of mountain making especially by folding of the 
crust 


PALEOCENE—of or relating to a subdivision of the Tertiary 
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PALPOGENE—orlainated in the past geologeal epoch 

PALEOZOIC ERA—a grand division of geological history from the 

of the Cambrian to the close of Permian, This was 

the culmination of nearly all classes of invertebrates 
last 


inrecta, 


PERMIAN PERIOD—pertaining to the period of the Palec 
which this system was formed; denoting a system of rocks 
beneath the Triassic rocks, and immediately above the € 
feroun system, and forming the uppermost of the Pa 


PHANEROZOIC EON—of or relating to the Paleozoic, 
role eras taken together 


PHYSIOGRAPHY—the description and genetic 
features of the earth’s surface 


PLANETISIMAL—a small solid body probably a 
composition but differing from one in that it 1 
around a central gaseous nucleus as do the 7 


PLEISTOCENE—the earlier of the two epochs constituti 
nary period, characterized by the sedimentary anc 
and fossil remains which include present day a 
older species 


PLIOCENE—the latest epoch of the Tertiary p 
during that epoch 


PLUTONIC ROCK—an igneous rock (as granite) 
lar texture regarded as having solidified | 
low the surface 7 4 


PORPHYRY—an Equiptian rock consisting of fe 
in a compact dark red or purple groundma 
Romans 

PORPHYRY COPPER—a large low grade diss 


PROTEROZOIC—of or relating to grand divis 


to the close of the Keweenawan, rp 
subsequent geological time, and is mz 
few fossils indicating the existence of anim: 
as annelid worms and of blue-green and brown 


QUARTZ—-silica group of minerals 
QUATERNARY—f or relating to the geological perio 
the Tertiary to the present time 


RADIOACTIVITY—the emission of radiant energy; the propert 
sessed by some elements (as radium, uranium, thorium and th 
products) whether free or combined or spontaneously — 
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tegration of the nuclei of atoms ; 
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RADIOLARIAN—an extensive order of rhizopods eine protoplasm 
divided into an inner nucleated portion enclosed ‘forated — 
membrane of chitenlike materials HATTRRS 


SAND BAR—a ridge of sand formed in a river or the sea by the action of 
tides or currents 


SANDSTONE—a sedimentary rock made up of sand that usually consists 
of quartz more or less firmly united by some cement and that varies 
in color being commonly red, yellow, brown, gray or white 


SCHIST—a metamorphic crystalline rock having a closely foliated struc- 
ture, admitting of division along approximately parallel planes 


SEISMOLOGY—a science that deals with earthquakes and attendant phe- 
nomena including the study of artificially produced elastic waves 
in earth materials 

SHALE—a fissile rock that is formed by the consolidation of clay, mud, or 
silt, has a finely stratified or laminated structure parallel to the = 


bedding, and is composed of minerals that haye been essentially 
unaltered since deposition 


SHIELD—the pre-cambrian nuclear mass of a continent around which and 
to some extent upon which the younger sedimentary rocks have 
been deposited 

SILICATES—any of numerous insoluble often complex metal salts that 


contain silicon and oxygen in the anion, that constitute the largest 
chemical group of minerals 


SILURIAN—part of the Paleozdic period between the Ordovician and 
Devonian 


SPILITES—a very fine grained to dense and greenish to gray-green ex- 
trusive rock of the gabbro family 


SYENITE—a variety of granite anciently quarried at Syene in Upper 
Egypt in which biotite is substituted for 


SYNCLINES—a trough of stratified rock in which the beds dip toward 
each other from either side 


TABIOS—the smallest commercial freshwater fish in the world 


TALC—a mineral consisting of a basic magnesium tetrasilicate that is 
usually whitish, greenish or grayish with a soapy feel and occurs 
in foliated, granular or fibrous masses 


TECTONIC—relating to the deformation of the earth’s crust, the forces 
involved in or producing such deformation, and the resulting rock 
structure and external forms 


TEKTITES—« glassy body of probably meteoritic origin and of rounded 
but indefinite shape found especially in the Philippines, Czechos- 
lovakia, Indonesia and Australia 


TERTIARY—of or relating to the time interval between the close of the 
Mesozoic era and the beginning of the Quaternary period during 
which the Alps, Caucasus, Himalayas, and other mountains were 
formed, the Cordilleran system from Alaska to Cape Horn was de- 
veloping, and the dominant land life was mammalian 


TETHYS—a paleographic sea (ancestral to the present Mediterranean) 
which coming into existence in early Permian time, connected rise 
the Pacific and Arktic oceans and separated the Permian conti- 
nents Angara on the north from Gondavana on the south 


TONGUESTONES—are marine objects with a triangular shape like ton- 
ques obtained from cliffs of Malta 


TRIASSIC—of or relating to a division of the Mesozoic in which gymnos- 
perms (as the cycads) are the most distinctive plants, the amphi- 
bians decline but the reptiles and ammonities develop rapid!y, mam- 
mals probably exist but are few, small, and primitive 


TRILOBITES—any of numerous extinct marine anthropods constituting 
the group trilobita so-called from the division of the segments of 
the body by furrous on the dorsal surface into three lobes, a me- 
dian one and two lateral ones. They are usually of the flattened 
oval form and besides the longitudinal lobes, present three trans- 
verse body regions, head thorax and pygidium 


TUFF—a rock composed of finer kind, of voleanic detrites, usually more or 
less stratified, and in various states of consolidation 


ULTRAMAFIC—ultrabasic 


UNIFORMITARIANISM—a geological doctrine that existing processes act- 
ing in the same manner and with essentially the same intensity as 
at present are sufficient to account for all geological changes 


VUG—a small unfilled cavity in a lode or in rock usually lined with a 


crystalline layer of different composition from the surrounding 
rock 


VOLCANISM—the quality or state of being voleanie which includes all 
phenomena connected with the movement of heated material from 
the interior to or toward the surface of the earth 


VOLCANO—a vent in the earth’s crust from which molten or hot rock and 
steam issue 


YLEM—the primordial first substance from which according to some theo- 
ries the elements were supposed to be formed 
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Before written records of man’s social nature began to 
differentiate one tribe or race from another, all matter shared 
a faceless, volatile existence. From the mysterious ‘soup’ of. which 
the early universe consisted to the hard material of the planets 
and finally the varieties of life, all things were bound in a com- 
mon voyage through thousands of millions of years across inter- 
minable space, The notion of history eame to man only when — 
distinct differences became perceivable as particular races and 
communities in this huge retinue through time and space stepped 
off, as it were, in various directions to chart individual destinies 

. Part of this process is the formation of the setting upon which 
a particular national history would be laid. On the larger canvas 
of the universe the picture that this process evokes consists of 
galaxies and constellations flung here and there, perhaps by a 
combination of accident and physical laws, through a limitless 
abyss. On the lesser scale of the planet earth, the process of 
particularization comprises the evolution of continents and 
islands, the homes of various groups of men th ves slowly 
evolving into distinct societies... The history the Filipino 
people would take place on one each distinct setting . . 


